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EXECUTIVE SUMMARY 
TECHNICAL REPORT NUMBER 12-HF-05SR-05  

INJURIES AND PHYSICAL FITNESS BEFORE AND AFTER DEPLOYMENTS 
OF THE 10TH MOUNTAIN DIVISION TO AFGHANISTAN  

AND THE 1ST CAVALRY DIVISION TO IRAQ 
SEPTEMBER 2005 – OCTOBER 2008 

 
 

1. INTRODUCTION AND PURPOSE.  In a letter to the Army Surgeon General, the Chair of 
the Military Training Task Force (MTTF), Department of the Army, expressed concern about an 
apparent increase in injury rates among Soldiers returning from deployments.  The MTTF Chair 
requested assistance in determining if such an injury rate occurred consistently among 
redeployed troops.  In response to this request, the current project examined outpatient injury 
visits and physical fitness before and after deployments of a battalion of the 10th Mountain 
Division to Afghanistan (10thMt cohort) and a brigade of the 1st Cavalry Division to Iraq 
(1stCav cohort). 
 
2. METHODS.   
 
 a. A list of deployed personnel was provided by the Personnel Offices (S1) of the units 
shortly after they returned from their deployments.  For the 10thMt cohort, this included only the 
four rifle companies (no headquarters personnel).  For the 1stCav cohort, the list included all 
personnel (combat and support) who deployed with the unit.  Medical data of the deployed 
personnel were requested from the Armed Forces Health Surveillance Center (AFHSC) for two 
consecutive 90-day periods just before the deployment (Periods 1 and 2) and two consecutive  
90-day periods just after deployment, on return to the United States (Periods 3 and 4).  The 
AFHSC returned visit dates and ICD-9 codes for all outpatient medical visits within the four 
time periods.  An injury case was identified if a Soldier had any of a specific set of codes from 
the International Classification of Diseases, Revision 9, Clinical Modification. Cumulative injury 
incidences were compared across the four periods. 
 
 b. Semiannual Army Physical Fitness Test (APFT) data (including heights and weights) 
were provided by the units.  Data were obtained for tests taken by Soldiers about 4 to 6 months 
prior to deployment and about 5 to 6 months after deployment.  The APFT consisted of three 
events: the maximum number of push-ups completed in 2 minutes, the maximum number of sit-
ups completed in 2 minutes, and a 2-mile run for time. Pre- and postdeployment raw scores were 
compared using the paired t-test.   
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3. RESULTS.   
 
 a. The 10thMt cohort (n=505), 1stCav male cohort (n=3242) and 1stCav female cohort 
(n=254) showed postdeployment increases in injury incidence.  For the 10thMt cohort, overall 
injury incidences were 14.1%, 14.1%, 16.4%, and 23.4% for periods 1 to 4, respectively.  For the 
1stCav male cohort, overall injury incidences were 15.1%, 12.4%, 35.4%, and 43.4%for periods 
1 to 4, respectively.  For the 1stCav female cohort, injury incidences were 18.9%, 19.3%, 36.2%, 
and 42.1%for periods 1 to 4, respectively.  In both cohorts, those who experienced injuries in the 
predeployment period were more likely to experience them in the postdeployment period.   
 
 b. The units provided matched pre- and postdeployment APFTs for 35% of the 10thMt 
cohort (n=178), 3% of the 1stCav male cohort (n=84), and 2% of the 1stCav female group (n=6).  
For the 10thMt group, postdeployment body weight averaged 3 pounds higher than 
predeployment weight (2%).  The APFT raw scores showed very small pre-post differences, and 
the mean total APFT points were identical (250) in the pre- and postdeployment periods.  For the 
1stCav men, average body weight was 9 pounds higher (5%) in the postdeployment period.  The 
pre- and postdeployment push-up and sit-up scores differed little.  Postdeployment run times 
averaged 0.7 minutes slower (5%) and APFT scores were 6 points less (3%) compared with the 
predeployment period.  The 1stCav women averaged 7 more pounds in body weight (5%) in the 
postdeployment period.  Female Soldiers averaged 5 fewer postdeployment push-ups (15%); sit-
ups changed little, and run times averaged 1.5 minutes slower (8%).  Women averaged 13 fewer 
APFT points in the postdeployment period (6%). 
 
4. DISCUSSION.   
 
 a. Both the 10thMt and 1stCav cohorts exhibited a postdeployment increase in the 
cumulative injury incidence compared with that from predeployment, although the pattern and 
magnitude of the increase differed in the two cohorts.  Intrinsic (personal) factors that may have 
contributed to the increase in postdeployment injury have been speculated upon in the literature 
and may include (1) psychological stress due to posttraumatic stress syndrome or depression,  
(2) adoption of unhealthy coping behaviors like alcohol and drug abuse, (3) ill-defined diseases 
and syndromes acquired in theater that might affect factors such as decision making, balance, 
navigation, and reaction time, (4) comorbidities associated with injuries experienced in theater, 
or (5) increased postdeployment risk taking.  Extrinsic (external) factors might include the in-
garrison pre- versus postdeployment operational tempo, military training activities, physical 
training activities, deployment location, activities in theater, length of deployment, hazardous 
exposures in theater, and environmental conditions.   
 
 b. Although both groups had higher postdeployment injury incidence, the pattern and 
magnitude of the increase differed in the 10thMt and 1stCav cohorts.  The 10thMt showed little 
immediate postdeployment rise in injury incidence (Period 3), but a larger increase later 
(Period 4).  The absolute increase in injury incidence in the 10thMt group was generally less than 
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half that in the 1stCav cohort.  The 1stCav cohort showed a much larger immediate 
postdeployment increase, with a further elevation in the second postdeployment period.  The 
lower overall postdeployment injury incidence in the 10thMt cohort could be due to the time of 
year when the first postdeployment period occurred (December-March), the differences in the 
occupational tasks of the Soldiers, or the physical training program the unit was using.  The 
10thMt group was using the new Physical Readiness Training Program (PRT) designed to reduce 
injuries and increase performance on occupational military tasks. 
 
 c. For physical fitness, both groups of men generally showed little difference in pre- versus 
postdeployment muscular endurance (push-up and sit-up performance), but both showed a small 
gain in body weight.  Women (1stCav) demonstrated the weight gain and performed fewer push-
ups postdeployment. Aerobic fitness (2-mile run times) results differed in the two cohorts: the 
10thMt group showed no difference in pre- versus postdeployment performance while the 1stCav 
cohort showed a decline in aerobic performance.  A previous study that examined a subsample of 
the 10thMt cohort (n=110) showed that VO2max during treadmill running was about 5% lower 
about 18 days postdeployment  compared with predeployment.  The similar pre- and 
postdeployment 2-mile run times in the present investigation suggests that the immediate 
postdeployment loss of aerobic fitness was regained in less than 6 months following return from 
deployment.  A subsample of the 1stCav cohort (n=34) was also administered a 2-mile run 7 to 
11 days post-deployment and run times were 13% slower postdeployment.  The 5% slower run 
times reported here suggest that about 5 months postdeployment Soldiers had regained much but 
not all of their aerobic fitness.  While it is known that the 10thMt group was using PRT, the 
physical training program of the 1stCav was not known.   
 
5. SUMMARY AND CONCLUSIONS.  Both groups demonstrated postdeployment increases 
in injuries, although the pattern and magnitude differed.  Within 5 to 6 months postdeployment 
APFT scores were generally similar to predeployment scores, but the 1stCav group still showed 
some decrement in 2-mile run time.  APFT data were limited and should be viewed with caution.  
Both intrinsic (personal) and extrinsic (external) factors discussed above are likely to influence 
injury rates.  The present investigation cannot determine the factors that were associated with the 
elevated postdeployment injury incidence.  Nonetheless, the data here indicate that outpatient 
injury incidence is elevated postdeployment and that, in some circumstances, aerobic fitness may 
not be fully restored 6 months postdeployment.   
 
6. RECOMMENDATION.  Efforts should be focused on determining the activities that are 
associated with postdeployment injuries so that preventive strategies can be developed.  Once 
these strategies are determined, they should be tested for effectiveness in the postdeployment 
training environment.   
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1. REFERENCES.  Appendix A contains the references used in this report. 
 
 
2. INTRODUCTION AND PURPOSE.   
 
 a. In response to the terrorists’ attacks on the United States (US) World Trade Center on 
September 11, 2001, Operation Enduring Freedom (OEF) was launched on 7 October 2001.  The 
initial military objectives of OEF included the destruction of terrorist training camps and 
infrastructure within Afghanistan, preventing the use of Afghanistan as a safe haven for 
terrorists, the capture of al Qaeda leaders, and the cessation of terrorist activities in Afghanistan.  
Military force was directed against the Taliban because they had allowed Afghanistan to be used 
as a training ground for terrorists and because they refused negotiation.  Operations began with 
air strikes on Taliban and al Qaeda targets.  American, British, and other coalition ground troops 
worked with the Northern Alliance (a loose coalition of indigenous forces opposed to the 
Taliban) to coordinate air and ground attacks primarily against the Taliban military.  Kabul fell 
on 13 November 2001 and the Taliban retreated from most of northern Afghanistan into the 
mountainous eastern border region between Afghanistan and Pakistan.  From 2002 to 2005, the 
Taliban and al Qaeda focused on survival and rebuilding their forces.  In March 2006, the main 
body of the 2nd Battalion, 4th Infantry Regiment (2/4th) of the 4th Brigade of the 10th Mountain 
Division deployed to eastern Afghanistan.  They conducted combat operations in support of 
Combined Forces Command, Afghanistan, and the International Security Assistance Force. 
 
 b. About 1.5 years after the terrorists’ attacks on the World Trade Center, the Second Gulf 
War began.  On 20 March 2003, Iraq was invaded by a multinational coalition composed of 
United States (US) and United Kingdom troops supported by smaller armed forces from 
Australia, Denmark, Poland, and other nations.  US officials asserted that Iraq’s possession and 
pursuit of weapons of mass destruction posed a serious and imminent threat to US national 
security, although assessments by United Nations weapons inspectors and later by US-lead teams 
in Iraq found no evidence for this.  The invasion resulted in the fall of Baghdad and the defeat of 
the Iraqi military on 9 April 2003, just 20 days after the start of the invasion.  The US-led 
coalition occupied Iraq and attempted to establish a new democratic government.  By 16 July 
2003, military officials acknowledged that a classic guerrilla warfare insurgency was in progress 
in Iraq.  Guerrilla violence directed against coalition forces was complicated by strife between 
many Sunni and Shia religious groups.  The insurgency and religious violence escalated through 
2006. 

http://en.wikipedia.org/wiki/Multinational_force_in_Iraq
http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/United_Kingdom
http://en.wikipedia.org/wiki/Australia
http://en.wikipedia.org/wiki/Denmark
http://en.wikipedia.org/wiki/Poland
http://en.wikipedia.org/wiki/Weapons_of_mass_destruction
http://en.wikipedia.org/wiki/Invasion
http://en.wikipedia.org/wiki/Post-invasion_Iraq,_2003%E2%80%932006
http://en.wikipedia.org/wiki/Democracy
http://en.wikipedia.org/wiki/Sunni_Islam
http://en.wikipedia.org/wiki/Shia_Islam
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 c. Beginning in late October 2006, elements of the 1st Cavalry Division deployed to Iraq.  In 
mid-November, the 1st Cavalry assumed responsibility for the Multi-National Division when 
authority was transferred to them at Camp Liberty in Baghdad, Iraq.  The division participated in 
the early part of the build-up of forces in Iraq called “the surge,” first announced by President 
George W. Bush on 10 January 2007.  In September 2007, Major General David Petraus 
(Commanding General of the Multi-National Force-Iraq) stated that violence in Iraq had been 
reduced significantly.  The reasons he proposed included the deployment of forces in 
counterinsurgency operations designed to protect Iraqi civilians, improving capabilities and 
ongoing expansion of the Iraqi Army and police forces, significant losses inflicted on Al Qaeda 
in Iraq and other insurgent groups, the “Anbar Awakening” in which Sunni leaders rejected 
insurgent leadership and formed the Sons of Iraq groups to defend themselves, sectarian 
homogenization, and barriers constructed  between Baghdad neighborhoods.  Efforts by the 1st 
Cavalry and other forces occupying the region resulted in an approximate 75% reduction in 
bomb attacks.  Patrolling of streets, coupled with early identification and detection of explosive 
devices, was credited with the reduction in much of the violence.   
 
 d. The purpose of the investigation described in this report was to compare the pre- versus 
postdeployment injuries and physical fitness of Soldiers of the 10th Mountain Division who 
deployed to Afghanistan and Soldiers of the 1st Cavalry Division who deployed to Iraq.  This 
was in partial fulfillment of a request by the Chair of the Military Training Task Force, 
Department of the Army, because of anecdotal reports of an increase in injuries among Soldiers 
after they returned from deployments.  
 
 
3. AUTHORITY.  Under Army Regulation 40-5,(1) the US Army Center for Health Promotion 
and Preventive Medicine (USACHPPM) is responsible for providing epidemiological 
consultation services upon request.  This project was initiated at the request of the Deputy 
Director of Training, Office of the Deputy Chief of Staff (G3/5/7), Department of the Army.  
The Deputy Director of Training made this request in his capacity as the Chair of the Military 
Training Task Force (MTTF), one of nine task forces of the Defense Safety Oversight Council 
(DSOC).  The request letter appears in Appendix B.  Employing the criteria of the Council of the 
State and Territorial Epidemiologists,(2) it was determined that this project constituted public 
health practice. 
 
 
4. BACKGROUND LITERATURE REVIEW.  A great number of studies have examined  
in-theater injuries among military units deployed to various combat areas.(3-17)  The literature 
review in this report, however, focuses on pre- and postdeployment injuries of service.  No 
studies on postdeployment outpatient injuries were found, but the literature contains a number  
of investigations on postdeployment hospitalization,(18-30) mortality,(31-52) and self-reported 
injury.(49, 53-55) 

http://en.wikipedia.org/wiki/Multi-National_Force-Iraq
http://en.wikipedia.org/wiki/Al_Qaeda_in_Iraq
http://en.wikipedia.org/wiki/Al_Qaeda_in_Iraq
http://en.wikipedia.org/wiki/Iraqi_insurgents
http://en.wikipedia.org/wiki/Sons_of_Iraq
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 a. Hospitalization Studies.  Hospitalization studies have both advantages and limitations.  
On the positive side, the electronic databases currently available allow access to a large number 
of subjects so that high statistical power can be achieved.  Matching inpatient data on these 
individuals with variables in other databases allows covariates to be examined and controlled, if 
necessary.  The inpatient data of active duty military personal are likely to be fairly complete 
because (1) these individuals are seldom hospitalized outside of Department of Defense (DoD) 
facilities where the data are collected and (2) hospitalization is readily available to active duty 
military personnel.  Periodic physical fitness testing may encourage military personnel to seek 
medical care if they fear the testing will exacerbate problems.  Hospitalization studies also have 
some disadvantages. They collect data only on severe morbidity, that requiring evaluation by 
health care providers and the determination that the patient must be under close observation 
and/or control for some period.  In addition, some data may be missed: once an individual leaves 
active duty, they can no longer be tracked in DoD databases, so that conditions that require more 
time to clinically manifest will not be documented.  Results are also influenced by nosology.  
Who does the coding, what experience they have, and the guidance they receive all influence the 
accuracy of the diagnosis recorded.  Coding is frequently influenced by the cost-related guidance 
(i.e., regarding reimbursement) given to the nosologist, although this is probably a minor 
problem in military hospitals where diagnoses are less influenced by insurance claims.(25, 56-58) 
 
  (1)  Postwar Hospitalization of World War II and Korean War Veterans.  Beebe(18) 
provided data allowing a comparison of the overall postwar hospitalization experience of WWII 
veterans and Korean War veterans.  The follow-up period was 1946 to 1966 (20 years) for WWII 
Soldiers and 1954 to 1966 (12 years) for Korean War Soldiers.  Hospitalization experience was 
obtained from Army files, from Veterans Administration files, and from a questionnaire mailed 
in 1967.  Table 1 shows comparative hospitalization rates.  Admission rates were uniformly 
higher for Pacific and Korean War service members compared with European War veterans.  
The magnitude of the difference decreases over time.  No specific data were reported on injury 
hospitalizations. 
 
Table 1.  Hospitalization Rates for World War II and Korean Service Members (data from 
reference (18)) 

Theatre/War 

Hospitalization Rates 
(admissions/1,000 person-years) 

4 years  
postconflict 

5–8 years  
postconflict 

9–12 years 
postconflict 

13–16 years  
postconflict 

16–20 years 
postconflict 

European War 17.0 8.9 6.3 6.3 9.0 
Pacific War 23.1 12.7 12.3 8.1 10.4 
Korean War 35.8 11.1 14.5   
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  (2)  Postdeployment Hospitalization of Vietnam War and First Gulf War Marines.  One 
study(20) compared the 5-year postdeployment hospitalization rates of male enlisted Marines 
serving in the Vietnam War (n=11,894) and the First Gulf War (n=10,878).  The overall age-
adjusted hospitalization rate was lower for Marines serving in the First Gulf War than for those 
who served in Vietnam (0.206 versus 0.272 hospitalizations/1000 person-days, p<0.01).  The 
Marines serving in Vietnam had more hospitalizations for infectious/parasitic diseases and 
genitourinary problems, while the Marines in the First Gulf War had more hospitalizations for 
musculoskeletal problems.  The highest number of hospitalizations for the Vietnam Marines 
were for “multiple categories” (18%), followed by injury (15%).  For the First Gulf War 
Marines, injury (12%) was the third highest category of hospitalizations, after musculoskeletal 
conditions (21%) and “multiple categories” (20%).  Table 2 compares the proportion of 
musculoskeletal conditions accounted for by various injury diagnoses in the two cohorts. 
 
Table 2.  Comparison of Marines Who Served in Vietnam and First Gulf War on Proportion of 
Musculoskeletal Disorders Accounted for by Specific Injury Categories (from reference (20)) 

Type of Injury 

Vietnam Marines  
(% of all musculoskeletal 

disorders) 
(n=11,894) 

First Persian Gulf Marines  
(% of all musculoskeletal 

disorders) 
(n=10,878) 

Internal Derangement of Knee 25 30 
Synovium, Tendon, and Bursa 12 16 
Other Derangement of Joint 15 14 
Intervertebral Disc Disorder 10 not specified in article 
 Total Accounted for 62 60 
 
  (3)  Hospitalization of Deployed and Nondeployed Military, Bosnia and First Gulf War. 
 
  (a)  During peacekeeping operations in Bosnia-Herzegovina and during the First Gulf 
War, overall prewar hospitalization rates were lower for those who deployed compared with 
those who did not deploy.(22, 24, 28, 59)  In studies of First Gulf War–era service members, the 
lower hospitalization risk of deployed service members was generally confined to the 3-year 
period before deployment; there was little difference in hospitalization risk before this 3-year 
pre-deployment period.(24, 59)  Despite the lower overall hospitalization rate of deployed service 
members, predeployment injury hospitalizations were generally higher among the deployed 
compared with the nondeployed, especially in the 2 years prior to deployment.(59)  Post-war 
comparisons of active duty deployed and nondeployed service members (1–3 year follow-up) 
showed little difference in hospitalizations for various musculoskeletal system diseases or 
injuries and poisonings.(24)  However, when National Guard and Reserve service members were 
included in the analysis (9-year follow-up), veterans of the First Gulf War experienced 
proportionally more postdeployment hospitalizations in the injury and poisoning category, 
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especially for fractures and for bone and soft-tissue injuries, in two of three databases 
analyzed.(26) 
 
  (b)  These studies suggest that the health of the deployed force is better than that of the 
nondeployed force.  The medical screening performed prior to deployment may in part be 
responsible, since it is designed to identify service members with conditions that might interfere 
with deployment-related activities.(22)  Predeployment injury hospitalizations may be higher 
among the deployed force (1) because of greater risk-taking behavior(59) or (2) because service 
members who will deploy are performing more predeployment training than less healthy service 
members who will not deploy and are thus exposed to more physical hazards.   
 
  (4)  Hospitalization of Deployed Service Members, Bosnia and Iraq or Afghanistan. 
 
  (a)  Deployed service members hospitalized prior to deployment were more likely to also 
be hospitalized during(21-23, 25) or after(19, 22-24, 27) deployment.  Recency of hospitalization prior to 
deployment influences risk of hospitalization during deployment as shown in Table 3.  The 
closer the hospitalization was to deployment, the higher the risk of hospitalization during 
deployment.  Interestingly, those hospitalized prior to the First Gulf War were more likely to 
enroll in the First Gulf War clinical registries, as compared with those not hospitalized prior to 
deployment.(27, 60-62)  This may suggest more health-seeking behavior on the part of registry 
service members. 
 
Table 3.  Relative Risk of Hospitalization During Deployment  

Study Deployment Area 

Relative Risk of Hospitalization  
(prior hospitalization / no prior hospitalization) 

Never 
Hospitalized 

Prior to 
Deployment 

Hospitalized 
0–30 Days 

Prior to 
Deployment 

Hospitalized  
31–90 Days 

Prior to 
Deployment 

Hospitalized 
90+ Days 
Prior to 

Deployment 
Brundage et al.(23) Bosnia-Herzegovina 1.0 3.8 2.6 1.4 
Taubman(21) Iraq or Afghanistan 1.0 3.0 2.4 1.6 
 
  (b)  During the Bosnia-Herzegovina peacekeeping operations, when compared with those 
never hospitalized prior to deployment, postdeployment hospitalization rates for Soldiers with 
musculoskeletal/injury problems were 1.7 times greater among those who had a predeployment 
musculoskeletal/injury hospitalization.  This was the lowest “recurrence” risk 
(postdeployment/predeployment) of 11 diagnostic categories, with risk ratios ranging from 1.7 to 
17.1.(23)  For Iraq-Afghanistan deployments, when compared with those never hospitalized prior 
to deployment, postdeployment hospitalization rates for musculoskeletal problems and nonbattle 
injuries were 1.5 and 1.3 times greater, respectively, among those with predeployment 
hospitalization for the same problem.  In this case, musculoskeletal problems and nonbattle 
injuries were ranked 8th and 13th, respectively, among 16 diagnostic categories.(21)  Thus, 
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although the risk of another musculoskeletal injury hospitalization was higher if a prior 
hospitalization had occurred, the increase in risk was less than for most other types of diagnoses.   
 
  (c)  Additional covariates associated with postdeployment hospitalization in First Gulf 
War service members included in-theater hospitalization, female gender, older age, Army 
(compared with other services), being married, lower rank, reservist (compared with those on 
active duty), and combat or health care specialty (relative to electronic equipment repair).(19, 24, 25, 

27, 30)  War-related exposures such as anthrax/botulism immunizations, exposure to low-level 
chemical agents, exposure to oil well fires, and theater presence during combat operations were 
not related to postdeployment hospitalization over short or longer term (up to 10 years) follow-
ups.(25, 30)  No studies have specifically examined covariates associated with postwar injury 
hospitalizations. 
 
  (d)  Over a 10-year follow-up period (1995–2004) of service members who were deployed 
during the First Gulf War and who remained on active duty, the most common reasons for 
postdeployment hospitalization (exclusive of pregnancy-related conditions) were 
musculoskeletal problems (ICD-9 codes 710–739, 33%), digestive system problems (ICD-9 
codes 520–579, 24%), and injuries and poisoning (ICD-9 codes 800–999, 21%).(30)  This is 
similar to the overall Department of Defense hospitalizations reported by the Army Medical 
Surveillance Activity, which are shown in Table 4.(63, 64)  
 
Table 4. Department of Defense–Wide Hospitalizations by ICD-9 Code Groups (From references 
(63, 64)) 
ICD-9 Code Groups  1993 1997 2000 2001 2002 2004 

Cases Rank Cases Rank Cases Rank Cases Rank Cases Rank Cases Rank
Musculoskeletal 
Conditions 29,168 1 12,182 2 7,577 4 5,796 5 6,394 5 6,360 5 

Injuries & Poisonings 18,354 4 9,777 4 10,183 3 7.636 3 10,269 3 11,300 2 
Mental  Disorders 17,824 5 11,651 3 11,331 2 9,095 2 10,659 2 9,309 3 
Pregnancy-Related 20,748 3 16,053 1 16,741 1 14,315 1 17,681 1 15,913 1 
Digestive Conditions 27,878 2 9,730 5 7,446 5 6,044 4 7,666 4 6,640 4 
  
  (5)  Postdeployment Hospitalization, First Gulf War, Southwest Asia, and Bosnia.  One 
study(19) compared the post-deployment hospitalization experience of  active-duty US military 
personnel following service in (1) the First Gulf War, (2) Southwest Asia after the First Gulf 
War, or (3) Bosnia.  This study sought to compare hospitalizations among service members sent 
into conflict zones with different risks.  Follow-up times were 10.4 years, 9.4 years, and 
5.1 years for First Gulf War veterans, post-war Southwest Asia veterans, and Bosnia veterans, 
respectively.  Postdeployment hospitalizations occurred in 17% of First Gulf War veterans, 11% 
of postwar Southwest Asia veterans, and 7% of Bosnia veterans.  Compared with First Gulf War 
veterans, those deployed to Southwest Asia after the First Gulf War were at higher risk of 
musculoskeletal problems (ICD-9 Codes 710–739) and injuries and poisoning (ICD-9 codes 
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800–999); those deployed to Bosnia were at lower risk of morbidity from these diagnoses.  The 
lower morbidity among Bosnia veterans may be due to the shorter follow-up time; it could also 
be due to more in-theater hospitalizations,(22, 23) so that service members required less “delayed” 
postdeployment hospitalization. 
 
  (6)  Postdeployment Hospitalization on Return from Afghanistan or Iraq.  One study(29) 
examined hospitalizations in serial cohorts of service members who completed deployments to 
Afghanistan or Iraq between 1 January 2002 and 30 September 2006.  Among the 552,101 active 
duty service members returning from Afghanistan or Iraq, 21,198 incident hospitalizations 
occurred during the first year after redeployment.  The overall rate was therefore 43.8 hospital-
izations/1,000 person-years.  The highest rates of hospitalizations were for injuries and 
poisonings; musculoskeletal and connective tissue disorders ranked fourth after injury and 
poisoning, pregnancy-related conditions, and mental health.  Table 5 and Figure 1 show the 
hospitalization rates in 6-month cohorts.  The highest overall rates occurred during calendar year 
2003; these were cohorts who deployed during the first phases of Operation Iraqi Freedom and 
were involved in combat.  Excluding pregnancy-related conditions, hospitalization rates in the 
first 6 months of 2003 for injury and poisoning were 1.3 times higher than for  musculoskeletal 
and connective tissue disorders (second highest category) and 1.4 times higher than for mental 
disorders (third highest category). 
 
Table 5.  Incident Hospitalizations among Redeployed Service Members from Afghanistan and 
Iraq by Time of Redeployment (from reference (29)) 

Time of Redeployment 

Hospitalization Within 1 Year After Redeployment  

Injuries and Poisoning 
Musculoskeletal and  

Connective Tissue Disorders 

Cases 
(n) 

Rate 
(cases/1,000  
person-years) 

Cases 
(n) 

Rate 
(cases/1,000  
person-years) 

January – June 2002 18 7.2 10 4.0 
July – December 2002 50 9.4 29 5.5 
January – June 2003 127 11.7 96 8.8 
July – December 2003 271 8.6 175 5.6 
January – June 2004 653 9.9 385 5.8 
July – December 2004 610 9.9 419 6.8 
January – June 2005 704 8.6 406 5.0 
July – December 2005 502 6.7 366 4.9 
January – June 2006 757 7.3 460 4.4 
July – December 2006 185 4.1 122 2.7 
Overall (January 2002 – 
December 2006) 3,877 8.0 2,468 5.1 
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Figure 1. Incident Hospitalizations Within One Year of 
Redeployment from Afghanistan or Iraq 

 
 
 b. Injury-Related Mortality Studies. A number of studies have examined injury-related mortality 
among veterans of World War II, the Korean War, the Vietnam War, and the First Gulf War.   
 
  (1)  World War II and the Korean War. 
 
  (a)  Few studies(18, 42-44) have been performed on the postwar mortality of WWII or 
Korean War veterans, despite the large number of service members deployed in these conflicts.  
This may be because of the difficulty of tracking these veterans after they left service before 
electronic record keeping was developed.  The studies that have been performed compare 
veterans who fought in the Pacific, European, and Korean theaters and focus on repatriated 
prisoners of war (POWs).  These studies also make comparisons between veterans and the 
general US population using standardized mortality ratios (SMR). 
 
  (b)  The POW studies(18, 42, 44) generally show that postwar mortality differed depending 
on the theater.  Pacific War POWs had almost twice the mortality rate of non-POW Pacific War 
veterans in the first 5 years of follow-up.  Over time, this mortality difference declined, so that, 
by the 10th year of follow-up, mortality was about the same for both groups.  (About 90% of the 
Pacific War POWs were captured April-May 1942 when Bataan and Corregidor fell.) When 
Korean War POWs were compared with non-POW Korean War veterans, the mortality rate 
among POWs was about 1.3 times that among non-POW veterans.  This difference persisted for 
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about 13 years and then declined, so that subsequent mortality rates were about the same.  
European War POWs showed an irregular pattern.  Compared with non-POW European War 
veterans, POWs actually had lower mortality risk in the first 5-year follow-up period and higher 
risk in the 5–10 year follow-up period. 
 
  (c)  Keehn(42) provided data on a 30-year follow-up of WWII Soldiers.  He also provided 
sufficient information for a secondary analysis comparing overall mortality among groups of 
veterans in the WWII Pacific and European theaters.  Besides Pacific and European War 
veterans, two additional groups were analyzed: (1) a group of combat riflemen with at least 65 
days of combat exposure who also served in units with combat casualties and (2) general service 
veterans who were selected from a larger representative group of Army enlisted and officers (the 
selection criteria was not defined).  Thirty-year mortality of the Pacific veterans, European 
veterans, combat riflemen, and general service veterans were 18.7%, 15.5%, 14.7%, and 17.6%, 
respectively.  Risk ratios comparing the WWII groups are in Table 6 (secondary data analysis).  
Pacific veterans were at higher risk than other groups. 
 
Table 6.  Secondary Analysis of Risk Ratios Comparing Groups of World War II Veterans (Data 
from (42)) 

Comparison Risk Ratios (95%CI) p-value 
Pacific Veterans/European Veterans 1.21 (1.02–1.42) 0.02 
Pacific Veterans/Combat Riflemen 1.27 (1.01–1.60) 0.04 
Pacific Veterans/General Service Veterans 1.06 (0.93–1.21) 0.36 
European Veterans/Combat Riflemen 1.05 (0.81–1.36) 0.69 
European Veterans/General Service Veterans 0.88 (0.74–1.04) 0.14 
General Service Veterans/Combat Riflemen 1.20 (0.94–1.51) 0.13 
Legend: 95%CI= 95% confidence interval 
 
  (2)  Vietnam 
 
  (a)  The injury-related results of the Vietnam-era investigations of US and Australian 
service members are summarized in Table 7.  Most investigations showed that injury-related 
mortality (i.e., from all external causes) was elevated in veterans who served in Vietnam, 
compared with those that did not.  The studies that did not show an excess of injury-related 
mortality for veterans serving in Vietnam generally involved more select groups of service 
members and/or smaller samples.(32, 41, 51, 65)  With one exception,(31) all studies examining motor 
vehicle–related mortality showed higher mortality rates among veterans who served in Vietnam.  
A few studies(31, 39, 65, 66) showed higher rates of suicide-related mortality rates among veterans 
with Vietnam service, but most(32-35, 38, 40, 50, 51, 67) showed little difference between veterans who 
had served in Vietnam and those who did not.  Most studies examining homicide-related 
mortality(31, 33-35, 51, 65) suggest a slight excess among veterans with service in Vietnam. 
 



 

Table 7a.  Studies Examining Injury-Related Post-Vietnam Service Mortality (Proportion Mortality Investigations) 

Study 
(Reference No) 

Study Characteristics 
Mortality Rate Ratios  

Vietnam Veterans/Non-Vietnam Veterans  
(95% confidence intervals where available) 

Follow-Up 
Period (yr)a Sample Sample Size Measure All Injury  

Motor Vehicle 
Accidents Suicide Homicide  

Kogan & Clapp 
1985(50) M=10–25 

US White ♂  
Veterans  
from MA State 

VN=840 
NVN=2,515 PMR 1.08 1.10 0.93 0.80 

Lawrence 1985 
(31) M=7–10 US ♂ Veterans 

from NY State 
VN=555 
NVN=941 APMRb no data 

in article 0.86 (0.66–1.11) 1.24 (0.88–1.75) 1.59 (0.86–2.94) 

Anderson et al. 
1986(51) M=3–14 

US White  ♂  
Veterans  
from WI State 

VN=922 
NVN=1,569 PMR 0.99 (0.96–1.03) 1.03 (0.95–1.11) 0.98 (0.84–1.15) no data 

in article 

Breslin et al. 
1988(32) M=8–17 

US Army ♂  
Veterans  

VN=19,708 
NVN=22,904  

PMR 

1.03 (1.02–1.04) 1.05 (1.01–1.09) 0.93 (0.88–0.98) 1.01 (0.73–1.40) 

US Marine ♂  
Veterans 

VN=4,527 
NVN=3,781 1.00 (0.95–1.05)c 1.07 (0.97–1.18) 0.93 (0.86–1.01) 0.98 (0.89–1.08) 

Bullman et al. 
1990(33) M=11–19 US Army  

Veterans 
VN=6,668 
NVN=27,917 PMR 1.06 (1.03–1.09) 1.08 (1.02–1.14) 0.97 (0.90–1.04) 1.07 (0.99–1.16) 

Watanabe et al. 
1991(34) M=10–20 

US Army ♂  
Veterans 

VN=24,145 
NVN=27,917  

PMR 

1.03 (1.01–1.05) 1.03 (0.99–1.07)c 0.96 (0.91–1.01)c 1.02 (0.98–1.10)c 

US Marine ♂  
Veterans 

VN=5,501 
NVN=4,505 1.02 (0.99–1.05)c 1.02 (0.95–1.12)c 0.99 (0.89–1.10)c 1.04 (0.93–1.17)c 

Visintainer et al. 
1995(65) M=18–24 US ♂ Veterans 

from MI State 
VN=3,364 
NVN=5,229 

 
PMR 0.95 (0.89–1.02) no data 

in article 1.03 (0.93–1.14) 1.03 (0.93–1.14) 

Watanabe & 
Kang 1996(35) M=17–23 

US Army ♂  
Veterans 

VN=27,596 
NVN=31,757 PMR 

1.04 1.03 0.97 1.05 (1.01–1.09) 

US Marine ♂  
Veterans 

VN=6,237 
NVN=5,040 1.02 1.02 1.01 1.01 
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Legend: 
M=Maximal follow-up period   
US=United States, MA=Massachusetts, NY=New York,  
WI=Wisconsin, MI=Michigan 
♂=male 
VN=Vietnam-era veterans serving in Vietnam 
NVN=Vietnam-era veterans not serving in Vietnam 
PMR=proportionate mortality ratio 
APMR=Adjusted proportionate mortality ratio 
 

Notes: 
a The first number is the year the last person entered the study to the end of the 
survey period; the second number is the year the first person entered the study 
to the end of the survey period 

b Adjusted for age, race, and education 
c Approximate confidence interval calculated from data in study 
 

 



 

 

 
Table 7b.  Studies Examining Injury-Related Post-Vietnam Service Mortality (Retrospective Cohort Investigations) 

Study 
(Reference No) 

Study Characteristics 
Mortality Rate Ratios  

Vietnam Veterans/Non-Vietnam Veterans  
(95% Confidence Intervals where available) 

Follow-Up 
Period (yr)a Sample Sample Size Measure All Injury  

Motor Vehicle 
Accidents Suicide Homicide  

Fett et al. 1984 
(66) M=9–16 Australian ♂ 

Army Conscripts 
VN=19,205 
NVN=26,957 MRR 1.3 (1.0–1.3) 1.2 (0.9–1.5) 1.5 (0.9–2.3) no data 

in article 

Boyle et al. 
1987(40) 

M=12–18 
A=14 

US Army ♂ 
Junior Enlisted 
Veterans 

VN=9,324 
NVN=8,989 MRR 1.25 (1.00–1.55) 1.48 (1.04–2.09) 0.98 (0.58–1.65) 0.99 (0.57–1.71) 

Thomas et al. 
1991(38) 

M=15–23 
A=17 

US ♀Service 
Members 

VN=4,582 
NVN=5,324 AMRRb 1.33 (0.80–2.23) 3.19 (1.03–9.86) 0.96 (0.39–2.39) no data 

in article 
Watanabe et al. 
1995(39) 

M=18–24 
A=22 

US Army 
Marines 

VN=10,716 
NVN=9,346 MRR 1.20 (0.99–1.45) 1.04 (0.76–1.43) 1.15 (0.75–1.76) no data 

in article 
Dalager & 
Kang 1997(41) M=18–26 

A=20 

US Army 
Chemical Corps 
Personnel 

VN=2,872 
NVN=2,737 AMRRc 0.83 (0.57–1.22) no data 

in article 
no data 

in article 
no data 

in article 

Boehmer et al. 
2004(67) 

M=29–35 
A=30 

US Army ♂ 
Junior Enlisted 
Veterans 

VN=9,324 
NVN=8,989 MRR 1.19 (1.01–1.39) 1.24 (0.94–1.64)e 1.03 (0.74–1.44)e 0.90 (0.60–1.36)e 

Cypel & Kang, 
2008(52) M=32–40 US ♀ Service 

Members 
VN=4,586 
NVN=5,325 AMRRd 1.34 (0.91–1.96) 2.60 (1.22–5.55) 0.90 (0.44–1.85) no data 

in article 
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Legend: 
yr=years 
M=Maximal follow-up period ().   
A=Average follow-up time (if reported). 
US=United States 
♂=male 
♀=female 
VN=Vietnam-era veterans serving in Vietnam 
NVN=Vietnam-era veterans not serving in Vietnam 
MRR=mortality rate ratio 
AMRR=adjusted mortality  rate ratio 

Notes: 
a The first number is the year the last person entered the study to the end of the 
survey period; the second number is the year the first person entered the study 
to the end of the survey period 

b Adjusted for age, race, rank, military occupational specialty, and duration of 
military service 
c Adjusted for age, race, rank, and duration of military service 
d Adjusted for rank, marital status, duration of military service, age at entry and 
race 
e Calculated from data in article 
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  (b)  A small portion of the excess external-cause mortality appears to be due to drug-
related events.  Two studies(40, 67) involving the same cohort of US Army Soldiers showed an 
excess of deaths from accidental poisoning (ICD-9 codes E850–E869) over an average 30-year 
follow-up period (mortality rate ratio (Vietnam veterans/non-Vietnam veterans)=2.26, 
95%CI=1.12–4.57).  When all-cause mortality was categorized to indicate all drug-related 
events, the Vietnam veterans experienced an excess of deaths for drug-related reasons over the 
30-year follow-up (mortality rate ratio (Vietnam veterans/non-Vietnam veterans)=1.70, 
95%CI=1.01–2.86).  However, accidental poisonings and drug-related events accounted for only 
6% and 2%, respectively, of all external cause deaths. 
 
  (c)  Interestingly, in the studies of Australian Vietnam service members,(36, 37, 66) 
adjustment for the service corps (infantry, engineer, armor/artillery, minor field presence, no 
field presence) considerably reduced the mortality rate ratios.  This was primarily because most 
of the excess mortality occurred among engineers.  In Vietnam, Australian engineers were 
involved in laying, detection, and disposal of mines; tunnel clearance; demolition (field units); 
civil engineering; water supply; and sewage (construction units); and workshop and park 
activities.  Boyle et al.(40) indicated that the US Vietnam Experience Study did not find higher 
combat-zone mortality among engineers, but the number of engineers in that study was small 
(data were not shown in the article).   
 
  (d)  Two studies (using the same cohort with different follow-up times) examined US 
female veterans from the Vietnam era.(38, 52)  Of the estimated 5,000 to 7,000 US service women 
who served in Vietnam, most were nurses.(38)  When compared with their respective controls, 
motor vehicle-related mortality appears to be higher among female Vietnam veterans than among 
male Vietnam veterans. 
 
  (3)  First Gulf War 
 
  (a)  Table 8 summarizes the five retrospective cohort studies that examined postconflict 
injury-related mortality among First Gulf War veterans from the United States, the United 
Kingdom, and Australia.  The two studies of US veterans(45, 46) compared virtually all service 
members serving in the Gulf War to a stratified random sample of about half of all service 
members (active duty, National Guard and Reserves) serving outside the Gulf theater during the 
period of the war.  As the table shows, there was an excess of injury-related mortality among 
First Gulf War veterans compared with non-Gulf War veterans.  Motor vehicle-related events 
accounted for much of this excess mortality. Among US men and the UK and Australian cohorts 
(which were also predominantly men), deaths from suicide or homicide were generally lower 
among Gulf War veterans than among non-Gulf War veterans.   
 
 



 

Table 8.  Studies Examining Injury-Related Post-Persian Gulf Service Mortality (all investigations are retrospective cohort) Epidem
iology R

eport N
o. 12-H

F-05SR
-05, Septem

ber 2005 –
O
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Study 

(Reference No) 

Study Characteristics 
Mortality Rate Ratios - Gulf Veterans/Non-Gulf Veterans 

 (95% Confidence Intervals) 
Follow-Up 
Period (yr)a Sample Sample Size Measure All Injury 

Motor Vehicle 
Accidents  Suicide  Homicide 

Kang and 
Bullman, 1996 
(45) 

M=3 

♂ US Service 
Members 

GV=544,270 
NGV=456,726 AMRRc 

1.17 (1.07–1.29) 1.27 (1.09–1.48) 0.88 (0.72–1.08) 0.80 (0.61–1.05) 

♀ US Service 
Members  

GV=49,919 
NGV=84,517 1.78 (1.16–2.73) 1.81 (0.96–3.41) 1.47 (0.63–3.43) 2.66 (0.96–7.36) 

Kang and 
Bullman, 2001 
(46) 

M=7 
A=7 

♂ US Service 
Members 

GV=578,369b 
NGV=646,997b AMRRd 

1.04 (0.99–1.10) 1.19 (1.09–1.30) 0.92 (0.83–1.02) 0.90 (0.78–1.04) 

♀  US Service 
Members  

GV=43,533b 
NGV=99,25b 1.39 (1.08–1.80) 1.63 (1.09–2.45) 1.29 (0.78–2.31) 1.54 (0.86–2.76) 

MacFarlane et 
al., 2000(47) M=8 UK Service 

Members 
GV=53,416 
NGV=53,450 MRR 1.18 (0.98–1.42)f 1.25 (0.91–1.72) 0.98 (0.65–1.48) 0.75 (0.11–4.44) 

MacFarlane et 
al., 2005(48) M=13 UK Service 

Members 
GV=51,753 
NGV=50,808 AMRRe 1.19 (1.02–1.39) 1.44 (1.13–1.84)g 1.04 (0.80–1.36) no data 

in article 

Sim et al., 2002 
(49) M=10 

Australian 
Service 
Members 

GV=1,833 
NGV=2,847 AMRRf 1.1 (0.5–2.9) 

few cases;  
no data  

in article 

few cases;  
no data  

in article 

few cases;  
no data  

in article 
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Legend: 
yr=years 
M=Maximal follow-up period  
A=Average follow-up time (if reported). 
US=United States 
UK=United Kingdom 
♂=male 
♀=female 
GV=Gulf War veterans 
NGV=not Gulf War veterans 
MRR=mortality rate ratio 
AMRR=adjusted mortality rate ratio  

Notes: 
a The first number is the year the last person entered the study to the end of the 
survey period; the second number is the year the first person entered the study 
to the end of the survey period. 
b Estimated from demographics in article. 
c Adjusted for age, gender, race, branch of service and component 
d Adjusted for age, race, service branch, component and marital status 
e Adjusted for age 
f Adjusted for age, rank, and service type 
g Called “transportation accidents” using ICD-10 
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  (b)  About 50,000 US service women served in the Persian Gulf conflict, making up 7% 
of the total US force.  The two studies of US veterans that specifically examined service 
women(45, 46) suggest that the post-Gulf War mortality experience of women differed from that of 
the men.  As Table 8 shows, when compared with their male counterparts, female First Gulf War 
veterans had higher adjusted mortality rate ratios for all external causes, for motor vehicle 
accidents, and for suicide and homicide.(45, 46)  
 
  (4)  Temporal Changes in Injury Mortality.  Several investigations have found that the 
excess postconflict injury-related mortality in conflict-zone veterans appears to diminish over 
time.  In the Vietnam Experience Studies,(40, 67) Vietnam veterans showed considerably reduced 
excess motor vehicle–related mortality after 6–14 years of follow-up and virtually no excess 
mortality when examining 6–30 years of follow-up, as shown in Table 9.  Kang and Bullman(46) 
examined US First Gulf War veterans and separated motor vehicle accident mortality into four 
20-month periods (1.7 years) as shown in Table 8.  Similar to the Vietnam cohort,(40, 67) the 
motor vehicle mortality rate ratio progressively decreased over the 6.7 years of follow-up.  
Finally, Macfarlane et al.(48) examined temporal changes in all external cause mortality rate ratios 
of UK Gulf War veterans and found a reduction after 7–13 years of follow-up, as Table 8 shows.  
One exception to these trends of decreasing rates was a Vietnam Marine cohort(39) that showed 
similar mortality rate ratios (Vietnam Marines/non-Vietnam Marines) in the first 5 years of 
follow-up compared with later a follow-up (up to 24 years) for all injuries and motor vehicle-
related events.  The authors(39) did not report the exact mortality rate ratios in their article. 

 
Table 9.  Temporal Changes in Injury-Related Mortality Rate Ratios (95%CIs) in Various 
Studies  

Conflict Study Follow-up 
Period (yr)

Mortality Rate Ratios 
(Conflict-Zone Veterans/Non-Conflict-Zone Veterans) 

(95% confidence intervals) 
All External 

Causesb 
Motor Vehicle

Eventsb 
Suicide 

(E950–959)b 
Homicide 

(E960–969)b 

Vietnam 
Boyle et al., 1987 & 
Boehmer et al., 2004 
(40, 67) 

≤5 ND 1.93 (1.16–3.22) 1.72 (0.76–3.88) 1.52 (0.59–3.91)
6–14 ND 1.16 (0.72–1.87) 0.64 (0.32–1.30) 0.78 (0.39–1.55)
6–30 ND 1.02 (0.73–1.43) 0.93 (0.64–1.34) 0.80 (0.50–1.26)

Gulf 

Kang & Bullman, 
2001(46) 

≤1.7 ND 1.32 (1.13–1.53) ND ND 
1.8–3.3 ND 1.21 (1.01–1.45) ND ND 
3.4–5.0 ND 1.17 (0.98–1.40) ND ND 
5.1–6.7 ND 1.00 (0.82–1.22) ND ND 

MacFarlane et al., 
2005(48) 

≤6 1.13 (1.06–1.63) ND ND ND 
7–13 1.05 (0.83–1.33) ND ND ND 

Legend: 
yr=years 
ND=No data reported in article 
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 c. Self-Reported Injuries. 
 
  (1)  Although self-reported injury studies are subject to recall and misclassification bias, 
they can provide useful data to determine service members’ perceptions.  Four studies were 
found that included self-reports of injuries among First Persian Gulf War veterans. 
 
  (2)  Two studies were performed on self-reported medical problems(53, 54) among First 
Gulf War–era veterans in Iowa using apparently the same database and similar statistical 
analyses.  Data were obtained by telephone interviews.  In one study,(53) the 3-month prevalence 
of self-reported injuries or impairing injuries was only slightly higher in First Gulf War veterans 
relative to non–Gulf War veterans (injuries RR =1.07, 95%CI=0.92–1.25; impairing injuries  
RR =1.06, 95%CI=0.75–1.48; secondary data analysis).  In the second study,(54) injuries 
requiring medical attention were more likely in the First Gulf War veterans, relative to non–Gulf 
War veterans (OR=1.26, 95%CI=1.02–1.55). 
 
  (3)  Another two studies obtained data using mailed questionnaires.(49,55)  One found that 
twice as many First Gulf War veterans (n=11,441) as non–Gulf War veterans (n=9,476) reported 
staying home from work because of an illness or injury in the previous 2 weeks (28% versus 
14%).  More First Gulf War veterans reported an impairment that limited the type of 
employment they could take or the kind of work they could do around the house (17% versus 
12%).  A higher proportion of First Gulf War veterans had visited a medical care provider in the 
previous year (51% versus 41%).  First Gulf War veterans also reported more arthritis (23% 
versus 17%), lumbago (14% versus 9%), and diseases of the muscles (7% versus 4%).  The other 
study(49) involved a general health questionnaire administered to Australian First Gulf War–era 
veterans (about a 10-year follow-up).  It found no difference between First Gulf War veterans 
(n=1,419) and non–Gulf veterans (n=1,539) in the self-reported annual prevalence of 
hospitalization or in the number of days of hospitalization.   
 
 
5.  METHODS FOR THIS INVESTIGATION.  This project examined injuries and physical 
fitness before and after deployments to Afghanistan and Iraq.  The unit that deployed to 
Afghanistan was the 2nd Battalion of the 4th Infantry Regiment (2/4th Infantry), which was part 
of the 4th Brigade of the 10th Mountain Division garrisoned at Fort Polk, Louisiana.  Soldiers 
examined in this unit are hereafter referred to as the 10thMt cohort.  The unit that deployed to 
Iraq was the entire 4th Brigade of the 1st Cavalry Division (4/1st Cavalry), garrisoned at Fort 
Bliss, Texas.  Soldiers examined in this unit are hereafter referred to as the 1stCav cohort.  
 
 a. Project Design. 
 
  (1)  Medical data (injuries) were obtained for two consecutive 90-day periods just before 
deployment and two consecutive 90-day periods just after deployment.  Period 1 was 185–
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95 days before the main body of troops deployed; Period 2 was 94–4 days before the main body 
of troops deployed; Period 3 was 4–94 days after the main body of troops returned; Period 4 was 
95–185 days after the main body of troops had returned.  Physical fitness data were from the 
routine semiannual Army Physical Fitness Test (APFT) given by the units.  The APFT just 
before deployment and the first APFT after deployment were obtained.  Table 10 provides the 
dates of collection for the medical and APFT data. 
 
Table 10.  Time Periods for Medical and APFT Data 

Data Type Cohort 
Predeployment Postdeployment 

Period 1 Period 2 Period 3 Period 4 

Medical  10thMt  2SEP05–30NOV05 1DEC05–28FEB06 1DEC06–1MAR07 2MAR07–30MAY07 
1stCav  24APR06–22JUL06 23JUL06–20OCT06 3JAN08–2APR08 3APR08–30JUN08 

APFT  10thMt  7SEP05–31OCT05 29JAN07–26JUN07a 
1stCav  13MAR06–18OCT06 20FEB08–30OCT08b 

Notes: 
a 85% of Soldiers took the postdeployment APFT between 30APR07 and 8JUN07 
b 76% of Soldiers took the postdeployment APFT between 17APR08 and 27JUN08 
 
  (2)  The Personnel Offices (S1) of the two units provided a list of deployed personnel 
shortly after they returned from the deployment.  The list for the 10thMt cohort included only the 
Soldiers in the 4 rifle companies making up the battalion (i.e., no headquarters or support 
personnel).  For the 1stCav cohort, all personnel (combat and support) that deployed with the 
unit were listed. 
 
 b. Injury Data. 
 
  (1)  The Armed Forces Health Surveillance Center (AFHSC) regularly compiles data on 
ambulatory (outpatient) encounters at military treatment facilities (MTFs), as well as those that 
occur elsewhere but that are paid for by the DoD.  The AFHSC was provided the list of the 
deployed personnel.  AFHSC returned visit dates and ICD-9 codes for all outpatient medical 
visits within the four time periods listed under “medical data” in Table 10.  The first four 
diagnoses for each visit were considered, although for most visits only a single diagnosis was 
recorded.  An injury case was identified if a Soldier had any of the ICD-9 codes from one of five 
indices.  These indices, which included the Installation Injury Index (III), the Modified 
Installation Injury Index (MIII), the Training Related Injury Index (TRII), the Overuse Injury 
Index (OII), and the Comprehensive Injury Index (CII), have been described previously.(68)   
 
  (2)  The III was developed by personnel at the AFHSC.  It has been used to compare 
overall injury rates (acute and overuse) among military posts and is reported on a monthly basis 
on the AFHSC website (http://afhsc.army.mil).  The MIII, TRII, CII, and OII were developed by 
personnel in the CHPPM Injury Prevention Program.  The MIII captures a greater number of 
injuries than the III, including more injuries related to cumulative microtrauma (overuse-type 
injuries).  The TRII is limited to lower extremity overuse injuries and was originally designed to 
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compare injury rates among basic training posts.  The OII captures both upper and lower body 
overuse-type injuries and includes diagnoses such as stress fractures, stress reactions, tendonitis, 
bursitis, fasciitis, arthralgia, neuropathy, radiculopathy, shin splints, synovitis, and 
musculoskeletal pain (not otherwise specified).  The CII attempts to be comprehensive, capturing 
all ICD-9 codes related to both acute and overuse-type injuries.   
 
 c. Army Physical Fitness Test (APFT) Data.  APFT data were provided by the S-3 office 
(Operations, Plans, and Training) of the 2/4th Infantry (10thMt cohort) and the Executive 
Officers of the 4/1st Cavalry (1stCav cohort).  The 1stCav APFTs were primarily from the 2nd  
battalion of the 12th Cavalry Regiment, but other Brigade personnel were also included.  The 
APFT consists of three events: the number of push-ups completed in 2 minutes, the number of 
sit-ups completed in 2 minutes, and a 2-mile run for time.  For push-ups, a Soldier was required 
to lower his or her body in a generally straight line to a point where his or her upper arm was 
parallel to the ground, and then return to the starting point with elbows fully extended.  For sit-
ups, the Soldier bent his knees to a 90-degree angle and interlocked fingers behind the head 
while a second person held the individual’s ankles to keep the heels firmly on the ground.  The 
Soldier raised the upper body to a vertical position so that the base of the neck was anterior to the 
base of the spine and then returned to the starting position.  Run performance was measured as 
the Soldier’s time to complete the 2-mile distance.  Age- and gender-adjusted points (total score) 
were given to the Soldier based on the performance level achieved, as described in Army Field 
Manual 20-21.(69)   
 
 d. Physical Characteristics and Demographics.  Height and weight were measured during the 
APFT and these were obtained from the units along with the APFT data.  Body mass index 
(BMI) was calculated as weight/height2.(70)  AFHSC provided demographic information based on 
data from the Defense Manpower Data Center (DMDC).  Demographic data included rank, 
educational level, marital status, race, and gender. 
 
 e. Data Analysis. 
 
  (1)  Descriptive data were calculated for the APFT scores, physical characteristics, and 
demographics.  For continuous variables, means and standard deviations (SD) were calculated; 
for ordinal/nominal data, frequencies and proportions were determined.   
 
  (2)  Cumulative injury incidence for each of the injury indices (III, MII, TRII, OII and 
CII) was calculated for each of the four 90-day periods as 
 
 [(∑Soldiers with ≥1 injury visits) / (∑of all Soldiers)] × 100%. 
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For each injury index, comparisons of cumulative injury incidence between each of the four 
periods were determined using the McNemar Test.  The McNemar Test allows comparison of 
frequency data involving repeated measures on the same individuals.(71)   
 
  (3)  The chi-square statistic was used to make comparisons of postdeployment injury 
incidence among Soldiers with and without predeployment injuries.   
 
  (4)  A t-test for related samples was used to make comparisons of Soldiers’ pre- and 
postdeployment height, weight, BMI, and APFT scores.  For some between-group comparisons 
an independent samples t-test was used.  
 
 
6. RESULTS.  The S-1 offices provided a list of 505 male soldiers who had deployed in the 
10thMt cohort (one battalion) and 3,496 Soldiers (men=3,242, women=254) who deployed in 
1stCav cohort (combat and support elements).   
 
 a. Demographic Data. 
 
  (1)  Table 11 shows the demographic data of the 10thMt cohort.  Junior enlisted (E1–E4), 
senior enlisted (E5–E8), and officers (O1-O4) made up 74%, 20%, and 6% of the cohort, 
respectively.  Individuals who were high school graduates, unmarried, and of White ethnicity 
made up 44% of the cohort.  The average±SD age was 24.1±4.9 years, with a range of 17 to 
42 years. 
 

Table 11.  Demographic Data on 10thMt Cohort  
Variable n Proportion of Soldiers (%) 

Grade 
E1 
E2 
E3 
E4 
E5 
E6 
E7 
E8 
O1 
O2 
O3 
O4 
Missinga 

 
20 
78 

220 
54 
53 
32 
14 
1 

16 
5 
7 
1 
4 

 
4.0 

15.4 
43.6 
10.7 
10.5 
6.3 
2.8 
0.2 
3.2 
1.0 
1.4 
0.2 
0.8 
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Table 11.  Demographic Data on 10thMt Cohort (continued) 
Variable n Proportion of Soldiers (%) 

Educational Level 
<High School Graduate 
High School Graduate 
College Graduate 
Missinga 

 
4 

438 
37 
26 

 
0.8 

86.7 
7.3 
5.1 

Marital Status 
Single 
Married 
Other 
Missinga 

 
341 
155 

5 
4 

 
67.5 
30.7 
1.0 
0.8 

Race/Ethnicity 
Asian/Pacific Islander 
Black 
Hispanic 
Native American 
White 
 Missinga 

 
22 
59 
40 
6 

371 
7 

 
4.4 

11.7 
7.9 
1.2 

73.5 
1.4 

Note: 
a No data were found in the DMDC database 

 
  (2)  Table 12 shows the demographic data of the 1stCav cohort.  Junior enlisted (E1–E4), 
senior enlisted (E5–E9), officers (O1–O6), and warrant officers made up 57%, 34%, 9%, and 1% 
of the cohort, respectively.  Individuals who were high school graduates, single, and of White 
ethnicity made up 27% of the cohort.  The average±SD age was 26.4±6.4 years for the men and 
25.8±6.3 years for the women.  Ages ranged from 17 to 50 years for the men and from 17 to 
44 years for the women. 
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Table 12.  Demographic Data on 1stCav Cohort  

Variable 

Men Women Men and Women 

n 

Proportion 
of Soldiers 

(%) n 

Proportion 
of Soldiers 

(%) n 

Proportion 
of Soldiers 

(%) 
Grade 
E1 
E2 
E3 
E4 
E5 
E6 
E7 
E8 
E9 
O1 
O2 
O3 
O4 
O5 
O6 
WO1 
WO2 
WO3 
WO5 
Missinga 

 
71 

653 
356 
752 
559 
339 
147 
43 
10 

112 
22 
93 
29 
7 
1 

10 
9 
5 
1 

23 

 
2.2 

20.1 
11.0 
23.2 
17.2 
10.5 
4.5 
1.3 
0.3 
3.5 
0.7 
2.9 
0.9 
0.2 
0.0 
0.3 
0.3 
0.2 
0.0 
0.7 

6
56
39
44
41
22
10
3
0
9
4

11
1
0
0
1
0
0
0
7

 
2.4 

22.0 
15.4 
17.3 
16.1 
8.7 
3.9 
1.2 
0.0 
3.5 
1.6 
4.3 
0.4 
0.0 
0.0 
0.4 
0.0 
0.0 
0.0 
2.8 

 
77 

709 
395 
796 
600 
361 
157 
46 
10 

121 
26 

104 
30 
7 
1 

11 
9 
5 
1 

30 

 
2.2 

20.3 
11.3 
22.8 
17.2 
10.3 
4.5 
1.3 
0.3 
3.5 
0.7 
3.0 
0.9 
0.2 
0.0 
0.3 
0.3 
0.1 
0.0 
0.9 

Educational Level 
<High School Graduate 
High School Graduate 
College Graduate 
Missinga 

 
40 

2794 
334 
74 

 
1.2 

86.2 
10.3 
2.3 

1
209
34
10

 
0.4 

82.3 
13.4 
3.9 

 
41 

3003 
368 
84 

 
1.2 

85.9 
10.5 
2.4 

Marital Status 
Single 
Married 
Other 
Missinga 

 
1519 
1608 

91 
24 

 
46.9 
49.6 
2.8 
0.7 

114
115
18
7

 
44.9 
45.3 
7.1 
2.8 

 
1633 
1723 
109 
31 

 
46.7 
49.3 
3.1 
0.9 
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Table 12.  Demographic Data on 1stCav Cohort (continued) 

Variable 

Men Women Men and Women 

n 

Proportion 
of Soldiers 

(%) n 

Proportion 
of Soldiers 

(%) n 

Proportion 
of Soldiers 

(%) 
Race/Ethnicity 
Asian/Pacific Islander 
Black 
Hispanic 
Native American 
White 
 Missinga 

 
122 
542 
545 
37 

1909 
87 

 
3.8 

16.7 
16.8 
1.1 

58.9 
2.7 

17
87
45
1

88
16

 
6.7 

34.3 
17.7 
0.4 

34.6 
6.3 

 
139 
629 
590 
38 

1997 
103 

 
4.0 

18.0 
16.9 
1.1 

57.1 
2.9 

Note: 
a No data were found in the DMDC database 

 
 b. Injury Data. 
 
  (1)  Table 13 shows the cumulative injury incidence before and after the deployment of 
the 10thMt cohort.  There was little difference in injury incidence between the two predeploy-
ment periods (Periods 1 and 2) and little difference when either of the two predeployment 
periods (Periods 1 and 2) were compared with the first postdeployment period (Period 3).  The 
exception was the OII, which was elevated in the first postdeployment period compared with the 
first predeployment period.  The second postdeployment period (Period 4) had a higher injury 
incidence than the three earlier periods (Periods 1, 2, or 3).  The proportional magnitude of the 
increase in Period 4 for overuse injuries (OII) was larger than that for the other injury indices. 
 
Table 13.  Cumulative Injury Incidence Before and After Deployment of the 10thMt Cohort 
(n=505 Men) 

Injury 
Index 

Injury Incidence p-value (McNemar Test) Predeployment Postdeployment 
Period 1 Period 2 Period 3 Period 4 Period 1 

vs 
Period 2 

Period 3 
vs 

Period 4 

Period 1 
vs 

Period 3

Period 1 
vs 

Period 4 

Period 2 
vs 

Period 3 

Period 2 
vs 

Period 4 n % n % n % n % 

III 63 12.5 65 12.9 75 14.9 100 19.8 0.91 0.01 0.26 <0.01 0.38 <0.01 
MIII 70 13.9 68 13.5 81 16.0 113 22.4 0.92 <0.01 0.32 <0.01 0.26 <0.01 
TRII 35 6.9 37 7.3 39 7.7 62 12.3 0.89 <0.01 0.71 <0.01 0.90 0.01 
OII 35 6.9 42 8.3 55 10.9 84 16.6 0.40 <0.01 0.02 <0.01 0.17 <0.01 
CII 71 14.1 71 14.1 83 16.4 118 23.4 0.99 <0.01 0.27 <0.01 0.31 <0.01 
 
  (2)  Table 14a shows the cumulative injury incidence before and after the deployment of 
the 1stCav cohort.  Among men, injury incidence was lower in Period 2 than in Period 1.  In the 
postdeployment period, men had higher injury incidence in Period 4 than in Period 3.  In the first 
postdeployment period, men’s injury incidence was more than twice as high as in the first 
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predeployment period (Period 3 versus Period 1).  In the second postdeployment period it was 
almost three times as great as in the first pre-deployment period (Period 4 versus Period 1).  The 
magnitude of the postdeployment injury increase was larger for the overuse injury indices (TRII 
and OII) than for the other injury indices. 
 
Table 14a.  Injury Incidence Before and After Deployment of the 1stCav Cohort – Men (n=3242) 

Injury 
Index 

Injury Incidence p-value (McNemar Test) Predeployment Postdeployment 
Period 1 Period 2 Period 3 Period 4 Period 1 

vs 
Period 2

Period 3 
vs 

Period 4

Period 1 
vs 

Period 3

Period 1 
vs 

Period 4 

Period 2 
vs 

Period 3

Period 2 
vs 

Period 4n % n % n % n % 

III 444 13.7 355 11.0 1052 32.4 1307 40.3 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
MIII 472 14.6 375 11.6 1108 34.2 1367 42.2 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
TRII 279 8.6 196 6.0 680 21.0 888 27.4 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
OII 315 9.7 262 8.1 795 24.5 1055 32.5 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
CII 488 15.1 401 12.4 1148 35.4 1408 43.4 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
 
  (3)  The women of the 1stCav displayed a somewhat different injury pattern than the men, 
as Table 14b shows.  Regardless of the injury index, there was little difference in injury rates 
between the two predeployment periods (Periods 1 and 2) or between the two postdeployment 
periods (Periods 3 and 4), although incidence was slightly higher in Period 4.  Injury incidence 
was higher in both postdeployment periods (Period 3 or 4) when compared with either 
predeployment period (Period 1 or 2).  In the first postdeployment period, injury incidence for 
several injury indices (III, TRII, OII) was more than twice as high as in the first predeployment 
period (Period 3 versus Period 1).  In the second postdeployment period, injury incidence for all 
injury indices was more than twice as high as in the first predeployment period (Period 4 versus 
Period 1).  
 
Table 14b.  Injury Incidence Before and After Deployment of the 1stCav Cohort – Women 
(n=254) 

Injury 
Index 

Injury Incidence p-value (McNemar Test) Predeployment Postdeployment 
Period 1 Period 2 Period 3 Period 4 Period 1 

vs 
Period 2 

Period 3 
vs 

Period 4 

Period 1 
vs 

Period 3 

Period 1 
vs 

Period 4 

Period 2 
vs 

Period 3 

Period 2 
vs 

Period 4 n % n % n % n % 

III 41 16.1 44 17.3 82 32.3 95 37.4 0.77 0.17 <0.01 <0.01 <0.01 <0.01 
MIII 46 18.1 47 18.5 86 33.9 103 40.6 0.99 0.08 <0.01 <0.01 <0.01 <0.01 
TRII 25 9.8 30 11.8 57 22.4 71 28.0 0.51 0.11 <0.01 <0.01 <0.01 <0.01 
OII 31 12.2 37 14.6 71 28.0 84 33.1 0.44 0.17 <0.01 <0.01 <0.01 <0.01 
CII 48 18.9 49 19.3 92 36.2 107 42.1 0.99 0.12 <0.01 <0.01 <0.01 <0.01 
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  (4)  Table 15 shows the risk of postdeployment injury for those Soldiers who had pre-
deployment injuries in the 10thMt cohort.  For all injury indices other than the TRII, the risk of 
postdeployment injury was higher among Soldiers who had predeployment injuries.  For the 
TRII, the absolute risk of postdeployment injury was higher for Soldiers who had predeployment 
injury in three of the four comparisons, but the differences were smaller than for the other 
indices.  For all overuse injuries (OII), the risk of postdeployment overuse injury was particularly 
high (risk ratio range 2.24–3.75) among Soldiers who had previous overuse injuries. 
 
Table 15.  Risk of Postdeployment Injury among Soldiers Who Had Predeployment Injuries 
(10thMt Cohort) 

Injury 
Index Comparison 

No Predeployment  
Injury (% with  
postdeployment  

injury) 

Predeployment  
Injury (% with  
postdeployment 

injury) 

Risk Ratio  
(95%Confidence Interval) 

(predeployment injury/ 
no predeployment injury) 

p-value 
(chi-square 

statistic) 

III 

Periods 1 & 3 12.2 33.3 2.72 (1.77–4.81) <0.01 
Periods 1 & 4 18.6 28.6 1.54 (1.00–2.38) 0.06 
Periods 2 & 3 13.4 24.6 1.83 (1.13–2.99) 0.03 
Periods 2 & 4 17.3 36.9 2.14 (1.46–3.11) <0.01 

MIII 

Periods 1 & 3 12.9 35.7 2.78 (1.86–4.13) <0.01 
Periods 1 & 4 20.5 34.3 1.67 (1.15–2.43) <0.01 
Periods 2 & 3 14.4 26.5 1.83 (1.16–2.90) <0.01 
Periods 2 & 4 19.7 39.7 2.02 (1.42–2.86) <0.01 

TRII 

Periods 1 & 3 7.2 14.3 1.97 (0.82–4.74) 0.13 
Periods 1 & 4 12.1 14.3 1.18 (0.50–2.75) 0.71 
Periods 2 & 3 7.5 10.8 1.45 (0.54–3.85) 0.47 
Periods 2 & 4 12.4 10.8 0.87 (0.34–2.27) 0.77 

OII 

Periods 1 & 3 9.1 34.3 3.75 (2.18–6.41) <0.01 
Periods 1 & 4 15.3 34.3 2.24 (1.35–3.70) <0.01 
Periods 2 & 3 9.5 26.2 2.75 (1.54–4.93) <0.01 
Periods 2 & 4 14.9 35.7 2.40 (1.51–3.80) <0.01 

CII 

Periods 1 & 3 12.9 38.0 2.95 (2.01–4.33) <0.01 
Periods 1 & 4 21.2 36.6 1.73 (1.21–2.46) <0.01 
Periods 2 & 3 15.0 25.4 1.69 (1.07–2.67) <0.01 
Periods 2 & 4 21.0 38.0 1.81 (1.28–2.57) <0.01 

 
  (5)  Table 16a shows the risk of a postdeployment injury among male Soldiers in the 
1stCav cohort if they had a predeployment injury.  For all injury indices, the risk of a 
postdeployment injury among the men was 1.37 to 1.96 times higher for those who had 
predeployment injuries.  Risk was somewhat higher for the two overuse indices (TRII and OII) 
compared to the other indices.  Among the women (Table 16b), the results were not as clear.  In 
14 of 20 comparisons the absolute risk of a postdeployment injury was higher for female 
Soldiers had predeployment injuries.  Comparison of Periods 1 and 4 showed higher risk in the 
more general and comprehensive indices (III, MIII, and CII) but not in the indices that 
emphasize overuse injuries (OII and TRII).   
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Table 16a.  Risk of Postdeployment Injury with Prior Predeployment Injury (1stCav Cohort) – 
Men 

Injury 
Index Comparison 

No Predeployment  
Injury (% with  
postdeployment  

injury) 

Predeployment  
Injury (% with  
postdeployment 

injury) 

Risk Ratio 
(95%Confidence Intervals) 

(predeployment injury/ 
no predeployment injury) 

p-value 
(chi-square 

statistic) 

III 

Periods 1 & 3 30.5 45.0 1.48 (1.32–1.61) <0.01 
Periods 1 & 4 38.2 53.8 1.41 (1.28–1.56) <0.01 
Periods 2 & 3 30.5 48.2 1.58 (1.40–1.78) <0.01 
Periods 2 & 4 38.7 53.8 1.39 (1.25–1.55) <0.01 

MIII 

Periods 1 & 3 32.2 45.8 1.42 (1.27–1.59) <0.01 
Periods 1 & 4 39.8 56.1 1.41 (1.29–1.55) <0.01 
Periods 2 & 3 32.2 49.6 1.54 (1.38–1.73) <0.01 
Periods 2 & 4 40.4 56.0 1.39 (1.25–1.53) <0.01 

TRII 

Periods 1 & 3 19.9 32.2 1.62 (1.35–1.95) <0.01 
Periods 1 & 4 26.5 36.9 1.39 (1.18–1.64) <0.01 
Periods 2 & 3 19.9 37.8 1.90 (1.56–2.30) <0.01 
Periods 2 & 4 26.7 37.8 1.41 (1.17–1.71) <0.01 

OII 

Periods 1 & 3 23.4 34.9 1.49 (1.27–1.76) <0.01 
Periods 1 & 4 31.3 44.4 1.42 (1.24–1.62) <0.01 
Periods 2 & 3 22.8 44.7 1.96 (1.69–2.28) <0.01 
Periods 2 & 4 31.1 49.2 1.58 (1.38–1.81) <0.01 

CII 

Periods 1 & 3 33.4 46.9 1.41 (1.26–1.57) <0.01 
Periods 1 & 4 41.1 56.6 1.38 (1.26–1.51) <0.01 
Periods 2 & 3 33.2 50.9 1.53 (1.37–1.71) <0.01 
Periods 2 & 4 41.5 56.9 1.37 (1.24–1.51) <0.01 

 
 
Table 16b.  Risk of Postdeployment Injury with Prior Predeployment Injury (1stCav Cohort) – 
Women 

Injury 
Index Comparison 

No Predeployment  
Injury (% with  
postdeployment  

injury) 

Predeployment  
Injury (% with  
postdeployment 

injury) 

Risk Ratio 
(95%Confidence Intervals) 

(predeployment injury/ 
no predeployment injury) 

p-value 
(chi-square 

statistic) 

III 

Periods 1 & 3 31.5 36.6 1.16 (0.74–1.82) 0.52 
Periods 1 & 4 35.7 46.3 1.30 (0.89–1.89) 0.20 
Periods 2 & 3 32.4 31.8 0.98 (0.61–1.58) 0.94 
Periods 2 & 4 37.1 38.6 1.04 (0.69–1.57) 0.85 

MIII 

Periods 1 & 3 33.2 37.0 1.11 (0.73–1.70) 0.62 
Periods 1 & 4 38.0 52.2 1.37 (0.99–1.90) 0.08 
Periods 2 & 3 34.3 31.9 0.93 (0.59–1.47) 0.76 
Periods 2 & 4 38.2 51.1 1.34 (0.96–1.86) 0.10 

TRII 

Periods 1 & 3 22.3 24.0 1.08 (0.51–2.26) 0.85 
Periods 1 & 4 27.9 28.0 1.00 (0.52–1.94) 0.99 
Periods 2 & 3 22.8 20.0 0.88 (0.41–1.87) 0.73 
Periods 2 & 4 27.7 30.0 1.08 (0.60–1.95) 0.79 
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Table 16b.  Risk of Postdeployment Injury with Prior Predeployment Injury (1stCav Cohort) – 
Women (continued) 

Injury 
Index Comparison 

No Predeployment  
Injury (% with  
postdeployment  

injury) 

Predeployment  
Injury (% with  
postdeployment 

injury) 

Risk Ratio 
(95%Confidence Intervals) 

(predeployment injury/ 
no predeployment injury) 

p-value 
(chi-square 

statistic) 

OII 

Periods 1 & 3 27.8 29.0 1.04 (0.58–1.88) 0.89 
Periods 1 & 4 33.2 32.2 0.97 (0.56–1.67) 0.98 
Periods 2 & 3 28.1 27.0 0.96 (0.54–1.70) 0.89 
Periods 2 & 4 32.7 35.1 1.07 (0.67–1.73) 0.77 

CII 

Periods 1 & 3 35.0 41.7 1.19 (0.81–1.75) 0.38 
Periods 1 & 4 39.0 54.2 1.38 (1.00–1.88) 0.06 
Periods 2 & 3 31.1 31.7 1.02 (0.68–1.53) 0.93 
Periods 2 & 4 39.5 53.1 1.34 (0.98–1.84) 0.08 

 
 c. Physical Characteristics and Fitness. 
 
  (1)  Table 17 shows a comparison of the pre- and postdeployment physical characteristics 
and APFT scores of the 10thMt cohort.  As expected, there were no differences in pre- and 
postdeployment height.  Postdeployment weight averaged 3 lb higher than predeployment weight 
(2%) and postdeployment BMI averaged 0.5 kg/m2 higher than predeployment BMI (2%).  The 
APFT raw scores showed very small pre-post differences, and the mean total APFT points were 
identical in the pre- and postdeployment periods. 
 
Table 17.  Comparison of Pre- and Postdeployment Physical Characteristics and APFT Scores of 
the 10thMt Cohort 

Variable n Pre-deployment 
(mean±SD) 

Post-deployment 
(mean±SD) p-valuea 

Height (in) 142  70 ±3  70 ±3 0.93 
Weight (lb) 142  176 ±26  179 ±26 <0.01 
Body Mass Index (kg/m2) 142  25.4 ±3.3  25.9 ±3.4 <0.01 
Push-Ups (repetitions) 178  64 ±13  66 ±13 0.15 
Sit-Ups (repetitions) 178  68 ±11  68 ±11 0.26 
2-Mile Run Time (min) 178  14.7 ±1.2  14.6 ±1.6 0.61 
Total Score (points) 178  250 ±30  250 ±38 0.83 
Legend:  Note: 
in=inches, lb=pounds, kg=kilograms,  a From paired t-test 
m=meters, min=minutes 
SD=standard deviation 
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  (2)  Table 18 shows a comparison of the pre- and postdeployment physical characteristics 
and APFT scores for the 1stCav cohort.  For the men, pre- and postdeployment height did not 
differ.  Body weight averaged 9 lb (5%) higher in the postdeployment period, and 
postdeployment BMI was 1.0 kg/m2 (4%) higher.  Male Soldiers averaged 2 more 
postdeployment push-ups (3%), but 2 less postdeployment sit-ups (3%).  Run times averaged 
0.7 minutes slower in the postdeployment period (5%).  Men averaged 6 fewer APFT points in 
the postdeployment period (3%). 
 
  (3)   The unit provided little data on the 1stCav women, as Table 18 shows.  Despite this, 
the pattern was similar to the men.  Body weight averaged 7 lb (5%) higher in the 
postdeployment period, and postdeployment BMI was 1.2 kg/m2 (5%) higher.  Female Soldiers 
averaged 5 fewer postdeployment push-ups (15%), but one more postdeployment sit-up (2%).  
Run times averaged 1.5 minutes slower in the postdeployment period (8%).  Women averaged 
13 fewer APFT points in the postdeployment period (6%). 
 
Table 18.  Comparison of Pre- and Postdeployment Physical Characteristics and APFT Scores of 
the 1stCav Cohort 

Variable 

Men Women 

n 
Pre- 

deployment 
(mean±SD) 

Post- 
deployment
(mean±SD) 

p-valuea n 
Pre- 

deployment 
(mean±SD) 

Post- 
deployment 
(mean±SD) 

p-valuea 

Height (in) 29  70 ±2  70 ±2 0.44 3  63 ±2  63 ±2 0.45 
Weight (lb) 27  176 ±20  185 ±23 0.01 3  140 ±9  147 ±7 0.45 
Body Mass Index (kg/m2) 27  25.7 ±2.8  26.7 ±3.0 0.02 3  24.7 ±1.7  25.9 ±2.2 0.44 
Push-Ups (repetitions) 84  60 ±14  62 ±18 0.06 6  33 ±12  28 ±13 0.17 
Sit-Ups (repetitions) 83  65 ±11  63 ±14 0.28 6  59 ±10  60 ±14 0.79 
2-Mile Run Time (min) 76  15.0 ±1.4  15.7 ±1.7 <0.01 6  18.8 ±0.8  20.3 ±1.6 0.04 
Total Score (points) 75  236 ±38  230 ±45 0.17 6  234 ±32  221 ±36 0.25 
Legend:  Note: 
in=inches, lb= pounds, kg=kilograms,   aFrom paired t-test 
m=meters, min=minutes 
SD=standard deviation 
 
 
7.  DISCUSSION.  This investigation examined the outpatient injury and physical fitness 
experience of Soldiers just before and just after deployments to Afghanistan (10thMt cohort) and 
Iraq (1stCav cohort).  Both cohorts exhibited a postdeployment increase in cumulative injury 
incidence compared with the predeployment incidence, although the pattern and magnitude of 
the increase differed in the two cohorts.  For physical fitness, both male groups showed little 
difference in pre- versus postdeployment muscular endurance (push-up and sit-up performance), 
but demonstrated a small gain in body weight and BMI in the postdeployment period.  Women 
also had a postdeployment gain in body weight and BMI, and push-up performance declined.  
Aerobic fitness (2-mile run times) results differed in the two cohorts: the 10thMt (Afghanistan) 
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group showed no difference in pre- versus postdeployment performance, while the 1stCav cohort 
(Iraqi deployment) showed a decline in aerobic performance.  
 
 a. Injury Incidence. 
 
  (1)  As noted in the introduction, a number of studies have examined various aspects of 
pre- and postdeployment hospitalizations,(18-30) mortality,(31-52) and self-reported injury.(49, 53-55)  
However, the present study is the first to compare pre- and postdeployment outpatient injury 
experience and show a postdeployment increase.  Hypotheses regarding potential intrinsic 
(personal) factors that may have contributed to the increase have been well outlined by Bell et 
al.(72)  These factors may include (1) psychological stress due to post-traumatic stress syndrome 
or depression that may increase injury rates(33, 40, 45, 46, 72-76), (2) adoption of unhealthy coping 
behaviors like alcohol and drug abuse(55, 67, 77-82), (3) ill-defined diseases and syndromes acquired 
in-theater that might affect factors like decision making, balance, navigation, reaction time, and 
the like,(25, 55, 72, 83-86) (4) comorbities associated with injuries experienced in-theater,(24, 55) and/or 
(5) increased postdeployment risk taking.(40, 44-46, 48, 56, 59, 87)  In addition to these potential 
intrinsic factors, extrinsic (external) factors may contribute to the increase in postdeployment 
injuries.  These might include the in-garrison pre- versus postdeployment operational tempo, 
military training activities, physical training activities, deployment location, activities in theater, 
length of deployment, hazardous exposures in theater, and environmental conditions.  Although 
the present study documents a higher postdeployment injury rate, the data collected here cannot 
determine the extent to which either intrinsic or extrinsic factors may have contributed to the 
change.   
 
  (2)  Predeployment injury incidence was similar in the 10thMt and 1stCav cohorts.  
However, the postdeployment injury experience of the two groups differed.  Although both 
groups eventually had higher postdeployment injury incidence, the pattern and size of the 
increase differed.  The 10thMt showed little rise in injury incidence immediately postdeployment 
(Period 3), but a larger increase later (Period 4).  The absolute increase in injury incidence in the 
10thMt group was generally less than half that in the 1stCav cohort.  More specifically, in the 
10thMt cohort, injury incidence was only moderately elevated by 1.1 to 1.6 times in the first 
90-day postdeployment period (Period 3) when compared with the two predeployment periods.  
The 1stCav cohort showed a much larger 1.8 to 3.5 times increase when the first postdeployment 
period (Period 3) was compared to the two predeployment periods.  In the second 
postdeployment period (Period 4), the injury incidences of the 10thMt cohort were elevated 1.6–
2.4 times compared with the two predeployment periods, while the 1stCav cohort demonstrated 
an elevation 2.2 to 4.6 times that of the predeployment periods.   
 
  (3)  The lower overall posdeployment injury incidence in the 10thMt cohort could be due 
to a number of factors, among which might be (1) the time of year when the first postdeployment 
period occurred, (2) the physical training program the unit was using, (3) the differences in the 
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occupational tasks of the Soldiers, and/or (4) in-theater differences.  With regard to the time of 
year, the 10thMt group returned from deployment in December and there was little field training 
in this time.  Soldiers also had 2 weeks of block leave during the holiday season at the end of 
December and there were generally few visits for injuries over block leave period.(88)  During the 
predeployment period, at least two week-long overnight field exercises occurred and Soldiers 
were constantly training in anticipation of tasks they would perform while deployed.  The first 
postdeployment period (Period 3) included considerably fewer field training exercises and no 
overnight field training.  With less field training, Soldiers may have been less exposed to 
potential injury-producing events.  The 1stCav cohort postdeployment period began on 3 January 
and thus the block leave period was not included.  We are unsure about the amount of 
postdeployment training the 1stCav conducted. 
 
  (4)  In addition to the time of year, the physical training program may have influenced 
injury rates. The 10thMt units under investigation had implemented the new Physical Readiness 
Training (PRT) program prior to deployment and continued to use it after deployment.  PRT is 
the physical training doctrine designed by the US Army Physical Fitness School to improve 
Soldiers’ physical capability for military operations.  It closely follows the exercise principles of 
progressive overload, regularity, specificity, precision, variety, and balance.  Specificity was 
achieved by examining the standard list of military (warrior) tasks and determining (1) the 
physical requirements, (2) the fitness components involved, and (3) the training activities that 
could most likely improve the military tasks.(89)  In both Basic Combat Training and Ordnance 
Advanced Individual Training, PRT has been shown to substantially reduce the overall incidence 
of injury.(90-92)  Injury-prevention features include reduced running mileage, exercise variety 
(cross-training), as well as gradual, prescriptive, progressive training.  It is possible that the 
lower postdeployment injury rate in the 10thMt cohort could have been influenced by the PRT 
program.  PRT was not the formal physical training doctrine during the time the project was 
being conducted, because the PRT manual was still in staffing and the older physical training 
doctrine(69) was still formally in place.  Unfortunately, we were unable to determine whether the 
1stCav cohort was using the new or older doctrine.   
 
  (5)  Differences in the occupational tasks of the Soldiers may have influenced differences 
in the pattern and magnitude of the postdeployment injury rates.  In an effort to explore this 
possibility, we requested from the AFHSC the MOSs of the Soldiers involved in the project.  In 
the 10thMt group, 401 of the 505 Soldiers (79%) had an 11 Series MOS (infantry), with the 
remainder consisting of artillery (n=32), signal (n=23), medical (n=24) and other (n=25).  Only 
626 of the 1stCav male cohort (19%) had an 11 Series (infantry) MOS.  Table 19 shows injury 
incidence among the 1stCav Soldiers whose MOS was in the 11 Series.  The injury pattern of 
these infantry Soldiers was similar to that of the larger 1stCav group; that is, there was a slight 
decline in injury incidence from Period 1 to Period 2 and higher injury rates in the post-
deployment periods (Periods 3 and 4) compared with the predeployment periods (Periods 1 and 
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2).  MOS is only a surrogate for potential tasks the Soldiers may have performed.  It is possible 
that the day-to-day occupational tasks differed in the two cohorts. 
 
Table 19.  Cumulative Injury Incidence Before and After Deployment of Soldiers with an 
Infantry MOS in the 1stCav Cohort (n=626) 

Injury 
Index 

Injury Incidence p-value (McNemar Test) Pre Deployment Post-Deployment 
Period 1 Period 2 Period 3 Period 4 Period 1 

vs 
Period 2

Period 3 
vs 

Period 4

Period 1 
vs 

Period 3

Period 1 
vs 

Period 4 

Period 2 
vs 

Period 3

Period 2 
vs 

Period 4n % n % n % n % 

III 83 13.3 65 10.4 192 30.7 280 44.7 0.08 <0.01 <0.01 <0.01 <0.01 <0.01 
MIII 89 14.2 68 10.9 205 32.7 289 46.2 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 
TRII 47 7.5 35 5.6 132 21.1 197 31.5 0.11 <0.01 <0.01 <0.01 <0.01 <0.01 
OII 53 8.5 46 7.3 152 24.3 213 34.0 0.43 <0.01 <0.01 <0.01 <0.01 <0.01 
CII 93 14.9 72 11.5 208 33.2 294 47.0 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 
 
  (6)  Finally, in-theater differences may account for some of the between-cohort 
differences in injury rates.  The 10thMt group was engaged primarily in classic combat 
operations involving patrolling and search-and-destroy missions in mountainous terrain.  The 
1stCav group was involved primarily in counter-insurgency operations in and around Baghdad 
and Mosul, Iraq.  Different physical and psychological stressors were likely involved that could 
differentially influence postdeployment injury rates.  Psychological stress can increase the 
incidence of injuries through a number of mechanisms,(93-97) especially through effects on the 
immune system(94) that can that affect tissue healing.(98-101)  There was generally a larger 
postdeployment increase in the overuse injury indices (TRII and OII).  Overuse injuries, which 
are due to repetitive microtrauma, might be expected to be most affected by reductions in tissue 
healing.   
 
  (7)  The data on the 10thMt cohort is relatively consistent with a previous report(102) that 
evaluated a subsample of the present cohort and used different methods of data collection.  In 
this previous study, the paper medical records of 323 of the 10thMt Soldiers (64% of the current 
cohort) were screened for injuries occurring from 215 to 137 days before deployment and the 
78-day period immediately after return from deployment.  Injury rates from that study showed no 
significant differences in injury rates in the pre- versus postdeployment periods.  In the present 
study, injury incidence was modestly elevated, but in only one of the five injury indices (OII) 
were the pre-post differences statistically significant.  The larger sample size in the present study, 
different pre- and postdeployment survey times, and differences in injury definitions may 
account for the minor differences. 
 
  (8)  In past studies, deployed service members hospitalized prior to deployment were 
more likely to be hospitalized after deployment.(19, 21-24, 27)  Our previous investigation of the 
10thMt cohort over a shorter follow-up time demonstrated for the first time that deployed 
Soldiers with predeployment outpatient injury medical visits were more likely to make outpatient 
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visits for similar injuries in the postdeployment period.(88)  The present study confirmed in a new 
cohort (1stCav) that predeployment outpatient injuries put male Soldiers at higher risk of a 
postdeployment injury.  In consonance with the previous study,(88) predeployment outpatient 
overuse injuries (OII), particularly, put male Soldiers at higher risk of postdeployment overuse 
injuries.  The results for the women were not as clear, perhaps because of the smaller number of 
women.  Soldiers who deploy with minor injuries in the predeployment period may find those 
injuries exacerbated during deployment.  The quality of treatment and the nature of the Soldier’s 
missions in theater are likely to determine the recurrence of an injury.  Chronic conditions may 
result in return visits to medical care providers regardless of deployment status.  In general 
agreement with the results reported here, previous studies of athletes,(103-107) industrial 
workers,(108) and other military groups(109, 110) reported that prior injuries were associated with 
subsequent  injuries, especially if the earlier injury occurred during the previous year. 
 
  (9)  One problem with the current analysis is that it does not take into account whether or 
not each deployed Soldier was in their unit for the entire pre- and postdeployment periods.  The 
time at risk would be less for Soldiers who entered the deployed unit after the start of the 
predeployment period or left the deployed unit before the end of the postdeployment period.  
Nonetheless, these Soldiers would likely be exposed to similar injury-producing hazards in other 
assigned units because it is unlikely that their MOS or physical training programs would have 
changed substantially.  The 10thMt group was able to supply us with the dates their Soldiers 
entered and left the unit.  Only 13 Soldiers (3% of the cohort) were not present for the entire pre- 
or postdeployment time.  Table 20 shows the results after these Soldiers were eliminated and the 
cumulative injury incidence recalculated.  The results are almost identical to those obtained for 
the whole cohort.  Similar data were unavailable for the 1stCav cohort.   
 
Table 20.  Cumulative Injury Incidence Before and After Deployment of the 10thMt Cohort 
Including Only Soldiers Present in the Unit during the Entire Survey Period (n=492) 

Injury 
Index 

Injury Incidence p-value (McNemar Test) Predeployment Postdeployment 
Period 1 Period 2 Period 3 Period 4 Period1 

vs 
Period2

Period3 
vs 

Period4

Period1 
vs 

Period3 

Period1 
vs 

Period4 

Period2 
vs 

Period3

Period2 
vs 

Period4n % n % n % n % 

III 62 12.6 65 13.2 71 14.4 98 19.9 0.83 <0.01 0.41 <0.01 0.62 <0.01 
MIII 69 14.0 67 13.6 77 15.7 110 22.4 0.92 <0.01 0.48 <0.01 0.39 <0.01 
TRII 34 6.9 37 7.5 35 7.1 60 12.2 0.76 <0.01 0.99 <0.01 0.90 <0.01 
OII 34 6.9 42 8.5 53 10.8 82 16.7 0.32 <0.01 0.02 <0.01 0.24 <0.01 
CII 70 14.2 70 14.2 79 16.1 115 23.4 0.99 <0.01 0.42 <0.01 0.45 <0.01 
 
  (10)  Another limitation to the present study has to do with how the ICD-9 codes were 
used to obtain the injury incidence data.  Within each of the four periods, it was not known 
whether the visit to the medical care provider was for a new injury or was a follow-up for a 
previous injury.  It would have been difficult to determine this because different medical care 
providers may have seen the Soldier on different visits and different providers may have used 
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different ICD-9 codes for the same patient complaint.  Nonetheless, this method of determining 
which ICD-9 codes represented an injury was consistent across all four periods.  Thus, injury 
incidences are comparable across the four periods because they were compiled in an identical 
manner.   
 
 b. Physical Fitness. 
 
  (1)  APFTs were administered to Soldiers over a wide range of dates in both cohorts, as 
indicated in Table 10.  We estimated the time of APFT administration in relation to deployment 
by examining the 50th percentile dates of APFT administration and deployment.  Based on this 
assessment, 10thMt APFTs were administered 4.4 months prior to deployment and 5.8 months 
after return from deployment.  The 1stCav APFTs were administered 5.6 months prior to 
deployment and 4.7 months after return from deployment.  
 
  (2)  Pre- and post-deployment APFTs were obtained for only a small proportion of the 
surveyed cohorts.  The units provided a number of pre- and postdeployment APFT scores but 
only 35% of the 10thMt cohort and 3% of the 10thMt cohort had data from both pre- and 
postdeployment.  Thus, the APFT data were limited and the results of that analysis should be 
viewed with caution. 
 
  (3)  To gain some impression of how representative the Soldiers who had both pre- and 
postdeployment data were, we compared their APFT scores with those of Soldiers who had data 
from only one test.  Table 21 shows the results for the 10thMt cohort.  The average scores in  
 
Table 21. Comparison of APFT Scores Among 10thMt Soldiers with and without Complete Pre- 
and Postdeployment Scoresa  
 
Period 

 
APFT Item 

Soldiers with  
Both Pre- and Post- 
Deployment Scores 

Soldiers with  
Only Pre- or Post- 
Deployment Scores 

 
p-valueb 

n Mean ±SD n Mean ±SD 
Pre-Deployment Push-up (n) 178  64 ±13 61  70 ±13 <0.01 

Sit-up (n) 178  68 ±11 61  70 ±11 0.39 
2-Mile Run (min) 178  14.7 ±1.2 59  14.8 ±1.6 0.43 
Total Score (points) 178  250 ±30 59  256 ±32 0.14 

Post- Deployment Push-up (n) 178  66 ±13 169  65 ±13 0.34 
Sit-up (n) 178  68 ±11 167  68 ±10 0.32 
2-Mile Run (min) 178  14.6 ±1.6 158  14.7 ±1.6 0.97 
Total Score (points) 178  250 ±30 158  251 ±39 0.39 

Legend: 
n=number 
min=minutes 
SD=standard deviation 

Notes:  
a There were a total of 239 predeployment scores or 47% 
of the cohort; there were a total of 347 postdeployment 
scores or 69% of the cohort. 
b From independent sample t-test 
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both groups were very similar, except for push-ups,  where the group having only one score 
demonstrated higher performance.  Despite this, the Soldiers with both tests appear to be fairly 
representative of the Soldiers in the unit who took the APFT, although perhaps less fit on the 
predeployment push-ups. 
 
  (4)  Table 22 compares the APFT scores of the 1stCav Soldiers who had both pre- and 
postdeployment APFTs with those of Soldiers with only one test.  Among the men, 
predeployment scores were very similar for those having one or two tests.  However, the 
postdeployment scores of those with both tests were higher on all test events: compared with 
Soldiers with only one test, Soldiers with both tests performed an average of 5 more push-ups 
and one more sit-up and completed the run 0.7 minutes faster.  Thus, the male Soldiers with both 
tests appeared to be more fit in the postdeployment period than others with APFT scores.   
 
Table 22. Comparison of APFT Scores Among 1stCav Soldiers with and without Complete Pre- 
and Postdeployment Scoresa  

Gender Period APFT Item 

Soldiers with  
Both Pre- and Post- 
Deployment Scores 

Soldiers with  
Only Pre- or Post-  
Deployment Scores p-valueb 

n Mean ±SD n Mean ±SD 

 
 
Men 

Pre-Deployment 

Push-up (n) 84  60 ±14 195  62 ±13 0.33 
Sit-up (n) 83  65 ±11 196  66 ±11 0.32 
2-Mile Run (min) 76  15.0 ±1.4 185  15.3 ±1.5 0.28 
Total Score (points) 75  236 ±38 182  242 ±34 0.20 

Post- Deployment 

Push-up (n) 84  62 ±18 228  57 ±13 <0.01 
Sit-up (n) 83  63 ±14 226  62 ±11 0.61 
2-Mile Run (min) 76  15.7 ±1.7 207  16.4 ±2.3 0.02 
Total Score (points) 75  230 ±45 214  221 ±40 0.08 

 
 
Women 

Pre-Deployment 

Push-up (n) 6  33 ±12 7  27 ±9 0.34 
Sit-up (n) 6  59 ±10 7  56 ±10 0.61 
2-Mile Run (min) 6  18.8 ±0.8 7  18.8 ±1.4 0.94 
Total Score (points) 6  234 ±32 7  217 ±20 0.30 

Post- Deployment 

Push-up (n) 6  28 ±13 24  37 ±10 0.05 
Sit-up (n) 6  60 ±14 24  65 ±14 0.45 
2-Mile Run (min) 6  20.3 ±1.6 21  18.1 ±1.4 <0.01 
Total Score (points) 6  221 ±36 21  246 ±33 0.11 

 

Legend: 
n=number 
min=minutes 
SD=standard deviation 

Notes: 
a For the men, there were a total of 279 predeployment 
and 312 postdeployment scores making, up 9% and 10% 
of the male cohort, respectively.  For the women, there 
were a total of 13 predeployment and 30 postdeployment 
scores, making up 5% and 9% of the female cohort, 
respectively. 
b From independent sample t-test 
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  (5)  Among the women, predeployment scores for those having one test and those with 
both tests were very similar.  However, the women with both tests were considerably less fit in 
the postdeployment period: compared with Soldiers with only one test, Soldiers with both tests 
performed an average of 9 fewer push-ups and 3 fewer sit-ups, in addition to completing the run 
2.2 minutes slower. Thus, the female Soldiers with both tests appeared to be considerably less fit 
in the postdeployment period than others with APFT scores.   
 
  (6)  Gains in body weight and BMI in the postdeployment period occurred in both 
cohorts.  The men in both cohorts had very similar pre- versus postdeployment push-up and sit-
up scores. The very limited data (n=6) on women suggested some postdeployment decrement in 
push-up performance but little difference in sit-up performance.  Aerobic fitness (2-mile run 
times) results differed in the two cohorts: the 10thMt group showed no difference in pre- and 
postdeployment performance, while the 1stCav cohort (men and women) showed a modest 
decline in aerobic performance.  In accounting for the between-cohort differences, the physical 
training programs of the units should be considered.  As noted earlier, the 10thMt cohort was 
using the PRT program, but we are not sure of the program of the 1stCav group.   
 
  (7)  A subsample of the 10thMt cohort (n=110 men) was tested for selected physical 
fitness measures just before deployment and within about 18 days postdeployment.  These results 
have been reported previously.(111)  Treadmill-running VO2max was about 5% lower on the 
postdeployment test compared with the predeployment test.  The similarity of the  pre- and 
postdeployment 2-mile run times in the present investigation suggests that the immediate 
postdeployment loss of aerobic fitness was regained within less than 6 months of return from 
deployment.  The previous study of the subsample of 10thMt Soldiers(111) also showed that 
strength, measured as a one-repetition maximum (1RM) on the incremental dynamic lift,(112) was 
identical (74±13 kg) in the pre- and postdeployment periods, suggesting that Soldiers maintained 
their strength while on deployment.  Muscular endurance was not measured in the previous 
study,(112) but since absolute muscle strength is highly related to absolute muscular 
endurance,(113) Soldiers may have maintained their muscular endurance in the immediate 
postdeployment period.  Muscular endurance (push-up, sit-up performance) was certainly at 
predeployment levels about 6 months postdeployment.  The extent to which the PRT program 
contributed to these changes cannot be determined. 
 
  (8)  A subsample of the 1stCav cohort was also tested for selected physical fitness 
measures just before deployment and within 7 to 11 days postdeployment.(114)  For 34 men who 
completed the pre and postdeployment 2-mile run, run times were 13% slower in the 
postdeployment period compared with the predeployment period (15.7±1.4 versus 17.7±2.5 
minutes, p<0.01).  In the present, study run times were 5% slower on the postdeployment APFT 
compared with the predeployment APFT (15.0±1.4 verses 15.7±1.7, p<0.01).  While this might 
suggest that about 5 months postdeployment male Soldiers had regained much but not all of their 
aerobic fitness; this interpretation must be tempered with the fact that Soldiers in the pre- 
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postdeployment AFPT 2-mile run sample (n=34) may not have been representative of the larger 
group of postdeployment 1stCav men (see Table 22).  The previous study(114) of a subsample of 
1stCav men also showed that strength, measured as a 1RM on the bench press and squat, was 7% 
and 8% higher, respectively, in the postdeployment period compared with the predeployment 
period (n=74).  Muscular endurance was not measured in the previous study,(114) but since 
absolute muscle strength is highly related to absolute muscular endurance(113) Soldiers may have 
at least maintained if not improved muscular endurance in the immediately postdeployment 
period.  At any rate, about 5 months after deployment muscular endurance was at predeployment 
levels, at least among the men. 
 
 
8.  SUMMARY. 
 
 a. This investigation compared Soldier outpatient injury rates and physical fitness before and 
after deployments to Afghanistan (10thMt group) and Iraq (1stCav group).  Compared with the 
predeployment period, outpatient injury incidence was elevated in the postdeployment period. 
The pattern and magnitude of the elevated postdeployment injury incidence differed by unit. The 
10thMt cohort showed little postdeployment rise in the first 90 days postdeployment but a larger 
increase 90–180 days later.  The absolute increase in injury incidence in the 10thMt group was 
generally less than half that of the 1stCav cohort.  The 1stCav cohort demonstrated a substantial 
2- to 3-fold rise in injury incidence in the first 90-day postdeployment period and a further 3- to 
4-fold increase in the second 90-day period (compared with the predeployment periods).  Those 
experiencing injuries in the predeployment period were more likely to experience them in the 
postdeployment period, especially for overuse injuries.   
 
 b. Pre- and postdeployment APFT scores and weight/height were obtained about 4 to 
6 months before deployment and about 5 to 6 months after deployment on 35% of the 10thMt  
cohort and 3% of the 1stCav cohort.  For the men, pre- versus postdeployment push-up and sit-
up performance was similar but the women had lower postdeployment push-up performance.  
There was a gain in body weight (3 to 9 pounds on average) and consequently in BMI in the 
postdeployment period.  Aerobic fitness (2-mile run times) results differed in the two cohorts: 
the 10thMt group showed no difference in pre- versus postdeployment performance while the 
1stCav cohort showed a postdeployment  decline.   
 
 
9. CONCLUSION.  There are many intrinsic (personal) and extrinsic (external) factors that 
could have influenced the rise in postdeployment injury incidence.  The present investigation 
cannot determine which factors caused or were associated with the elevated postdeployment 
injury incidence.  Nonetheless, the data here indicate that injury incidence is elevated 
postdeployment and in some circumstances aerobic fitness may not be totally restored 6 months 
postdeployment.   
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10. RECOMMENDATIONS.  Efforts should be focused on determining the activities that are 
associated with these injuries so that preventive strategies can be developed.  Once these 
strategies are determined, they should be tested for efficacy in the postdeployment training 
environment.   
 
\11. POINT OF CONTACT.  The point of contact for this report is the principal investigator, 
Dr. Joseph Knapik of the USACHPPM Injury Prevention Program. He may be reached at  
410-668-1324/3534 (commercial) or 584-1324/3534 (DSN) and by electronic mail at 
joseph.knapik@us.army.mil. 
 
 
 
 
 
         
 

JOSEPH J. KNAPIK 
Research Physiologist 
Injury Prevention Program 
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